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INTRODUCTION 


When considering the scheme for the compilation of ;i Dielionary of Raw Materials 
similar to Watt’s publieations, the members of tlie Ad\isory lioanl appointed b\ the 
(loverning Body of the Council of Scientific and Industrial Research, felt that the new 
compilation should ha\c a rlifferent orientation. Watt’s nictionary ol Kcouoniic Products 
cf India and I he Commercial Products of India were compiled almiist entirely with n-ference 
to the economic exploitation of Indian materials by foreign industrial and commercial 
interests, 'fhe Board opined that the prim.ary purpose of the new wor'^ should be to secure 
fuller utili/atioii of Indian materials by Imlian industrial and eommcrcial interests, and 
therefore that it should also inelucle Indian industrial prexluets. 

The Editorial Committee of the Board, while ronsidering the details ol’ the sc heme, 
directed that articles on Indian industries and industrial jm)dueLs should form a separate 
volume. This was felt necessary because of two reasons : (c/) the obvious dillereucc^ 
Ix^twcen the treatment of these subjects and raw materials, and (b) the necTssity for 
more frequent revision of the volume, owing to the rapidly changing inclustrial picture of the 
country. 

Further, the Committee also issued the following directions l(>r the tn^atment of 
subjects to be. included in this volume ; - 

1. Tin? articles should give a critical account of piiblislicd data regarding 

industries and no new surveys should be undcrtakcii. 

2. In the ease of mamifaeturing industries only methods canjilciycd in the 

country should be described. Important prcic.csses followed clsewlu’re 
should be indicated, with suitable references to litt;rature. 

Imported raw materials and processed articles should be included under th.e 
muuufaclurcs or industries, in which they are employed. Their sources 
and the maimer in which they are used should l>c indicated. 

4. The Dictionary should also include Cottage Industries. 

The selection of materials to be included in this volume presented various dilhcullics. 
Several Directories and Reports of Industrial Surveys were consulted, and tlur final list 
has been based on tire Alphabetical index of the commodities that enter into llu* foreign 
Sea-borne Trade of British India (1939), Brady’s Materials Handbook, and the Raw- 
Materials Guide (Ministry of Supply, London). 

In the articles on these subjects an attempt is made to trace the development of tJic 
various industries iii India, and to describe their present position. I’he principal raw- 
materials of each industry, their sources and availability, arc indicated. This is followed 
by a description of the manufacturing processes employed in India. Where available, 
statistical data, draw'ii from official sources, are included in the trade survey. 

The reader will find certain unevenness in the different sectioits. Tliis is due to the 
present transitional stage in India’s industrial development, the absence of much published 
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information on many of tlie industries, and of statistical data, and the reluctance on the 
part of certain industries to give information. But grateful acknowledgment Ls made to the 
co-operation extended to the Chief Editor by .several industrialists, experts and Govern- 
ment Departments, and by his colleagues. 

The present publication is the first part of this volume. Suggestions for improvement, 
and additional information will be made use of in the subsequent parts and editions. 


20, Pusa Road, New Delhi. 


B. L. MANJUNATH, 
C.hief Editor. 



TO THE READER 


I . Itooks, journals and periodicals referred to arc listed on p. x & xi. The abbreviated 
dtles generally conform to those adopted in the World List of Scientific Pcrioilicals (1934). 
In the case of books, the author’s name is followed by the page reference. When two or 
more books by the same author are referred to, the year of publication is given immediately 
after the author’s name. After the title of a journal, the year of issue, volume No. (clarendon 
type), number of part, if any, and page No. arc listed successively. 

•2. A careful selection of references has been made and these arc usually inserted at 
the most convenient points in the article, though they have been made use of in a more 
general manner. 

3. In general, literature up to the end of 1945 has been consulted. In the case of 
some ai tides, information published later, has been added during the proof stage. 

4. Statistical information has been taken from official sources, such as the publications 
of the Department of Commercial Intelligence, and the Central Marketing Department. 

5. A list of the less familiar abbreviations and symbols is added for the benefit of the 
general reader. The others employed arc as per the Dictionary of Abbreviations by 

C. Matthews (1947). 

6. Temperatures, unless otherwi.se specified, always refer to the Centigrade scale. 
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INDUSTRIES 
PART 1 


ABRASIVES 

Abrasives inrhulc a wide ranine of fna- 
terials extensively used in almost ever\ 
branch of indusiry lor tuning, drilling, 
grinding and polishing. riie materials 

employc'd are retiuired be hard, tough 
anti sharp. 

'The Ibllowing are the princij)al natural 
abrasivts anti the forms in whicli they are 
iisetl :Sahni, AVr. f/rn/. Siirr. India, ipp-N 76, 
Hull. Econ. Miu.^ No. ij. ; 

II 

aural Abrasives (M<»li's Forms usocl 

Stale : 

Dittniontl ... m (liNslals (bort . 

(^htiikIuiii ... (i.intlinu wIkmHs. 

lantTv ... I.<»osc L^ains for poIishiiT; 

grins, and grindiiijL* 
i'Jass. Abrasivir clodi 
and paper, and griiul- 
ing u'lu’cls, 

( 'iiriu't ... a Do, 

(.hinrl/, (pi.u'l/ilr 7 I'»i\vdcr lor iiuling glas**'. 
and sand and lor saiid-papcr. 

Flint Abrasive flodi and paper. 

Sanilslones and ... Millstones, mindslones 

granite and whetslone.s. 

*l’ale ... I Powder lor abra.sive and 

|iolisliing coinptisitions. 

Felspar ... () Do. 

Other silieeous ... Do. 

abrasives (dia- 
loiiiite, tripnlite, 
pumice, rotten- 
stone and sili- 
ceous clays ) 


The lirst four are nainral liigli grade 
abrasives. On aeef>niu of tln' Itigh cost of 
diamond only ini’eritn* varieties fbort), and 
tliamontl thisl arc availal)le liu- abrasive 
purposes. 'They art' used in drilling rt>t:ks, 
and in cutting glass. Finery is exttaisivciy 
empltiyed ibr the inanuractun' ol' diirerent 
gratlcs of* abrasive cloths anti papers, anti 
loos(‘ grains are ust‘tl ftn* jiolishing gems, anti 
grinding glass. Finc‘r\ is also htnidetl into 
wheels Ibr t utting intdals. Whitts or grey 
ct)rnndiitn is used for similar imrposcs. 
Kim* grains til’ eoriindum arc employed for 
polishing gems, and for grinding aiul bt*- 
vtdling glass. Abrasi\ t* clotlis. jiapeis and 
di.scs aie manufacturctl from gtatletl garnet: 
sands. These arc used for jiolishing glass, 
wtH)d, leathi‘r, etc. 

riic prothictitin of tliamonds In India 
is \t ry small. Fmery suitablt* ftir abrasive 
purpost's has not been linind in the tountry, 
and during the last War |f) ‘ arrange- 

inenis wfit* madt* for the im|)orl of ;]oo 
tt»ns of (*mery from I’urkt y. (iood gratlc 
t'onmduni .rock and loo.st grains) is fonnti 
in .\s.sam, Rewa, .Madias ' Salt*m j and 
Mx.sorc. It was mined and t*\pnrled to 
the I’. K. thiring tin* First World War, 
but tht*re is now et)nsitlt*rablt* diniculty in 
tibtaining adetpiate snppli(‘s. Protlut:tioii 
is rno.stK s|)()radic, anti tht* matciial t ollecl- 
etl is not propei l\ gratit'd or inarkctt'tl. 
Mo.'^^l of the garnets prodiiccti in India, arc 
used as gem s(t>nes. (iarnt l santls suitable 
for abrasive purpo.stvs occur in IVihar ami 
ill the Tinne\t*lly tlist., Matlras. 

The natural siliceous abrasives are m)l 
so important and .sevt*ral of tlicrn are fotintl 
in ad$.'(|uate (juantities in India. (Quartz 
ami tpiartz sands art* u.sed for .sand-blast- 
ing, cutting, grinding anti polishing stones. 
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marblt' aiul t'lass. Flint is employed as a 
Mibititute I'or emery in the preparation of 
abrasive cloths and papers, but in India, it 
is not used tr) any extent. Millstones, grind- 
stones and whetstones arc jrreparecl from 
suitable sandstones and linc-grained 
granites. High grade talc is fairly widely 
■distributed and may be converted into talc 
])owd(‘r for use in polishing com|)ositions. 
Felspar, a waste product from mica mines, 
could be ground t«) j)owd(‘r and used for 
sc(Hiring aiul polishing compositions. 
In India, diatomile, tripolite, pumice and 
rottenstom;, whicli are used in vaiions ab- 
rasive powders and mi-tal polishes, an* 
not found in workable r|nantities. 

In industrially advance<I countries na- 
tural high grad<‘ abrasives are being dis- 
•placed by artificial abrasives, chielly due 
to their greater imifonnity in shape and 
liardncss. 'I'lie most important of the.se 
are fused alumina ‘ Alundum, H. p.'j-p.fi) ; 
silicon carbide ■(larbonmdurn, H. ().")-p.7r)) 
ami boron carbide Norbide.s). In hard- 
ness boron carbide is intermediate between 
'ilicon carbide and diamond, 'riiese syn- 
thetic grains are used for the production 
of grinding wlu:els ami stones, coated ab- 
r;isi\(;.s, grains, powders, etc. 

Svnthetic .abrasive grains are manufac- 
tunal in the eleeliic furnace. For preparing 
■ilumlum, high grade calcined bauxite is 
.'nixetl with iron filings and coke ami heated 
in an arc furnace for ^4 hours. The ingot 
of fused ahimina is separatetl from ferro- 
silicon, crushed and graded. In the manu- 
faclure of carborundum pure quarlx sand 
mixed with high giade coke and powdered 
salt is heated in an electric furnace. Nofbide 
is similarly made from boric acid and c«>ke, 
and is now very prominent in the abrasives 
industry. 

File production and use f)f abrasives have 
not «level( ped to any considerable extent in 
India. There are fotu’ large firms manu- 
i’acliiring. coated abrasives ; .sand-j)aper, 
emery paper and cloth, and two firms pro- 


ducing grinding wheels and discs. Besides, 
the jjroduction of coated abrasives is also a 
well-established cottage industry. 

The IJ. S. A. is the chief supplier of 
synthetic abiasive grains and the import 
duty is 30 per cent, nd valonm. 

EXPOR TS OF ABRASIVES FlUt.M 'fllE 
1. . S. A. TO INDIA* 

(Qfy. in iodo II). ;md val. in S. 

(jiiiidstonc'; .'iiid fiihrr Syiidiffit' ahrii.dvc 
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* luir. (,'unnii. tjf .Nt/, /';. t’, S. ’I hr I'. S. A. alstt stipplioti 
small tpuiniilii's tift nifry pi)\ki!(*r l!» in 'n |4^i 

and slcrl wool Idr aliiasivi* purpos 's .i\ . arimial imporis, li.ij-jo 
Ih. during \p)- j | ’. 

COA ri:i) ABK \SI\ i> 

CUialfd abr;isi\ c.s an' : .saiui, *>r Hint 
I)aiH'r and ilolli ; rnicry ]):i|)i*r and clolh ; 
ganirt paper and ( lolli ; alninininiu oxidr 
pa|)(*r, ( loll) and (oinhinatndi ; silicon 

('arl)idi* |)apt‘i’, cloili aiui io,nl)inaJon ; 
watn-prool’ abrasive paper, etc. These are 
sold in sheets, rolls, discs, belts, lapes or 
coils. 'The lari^er consnminji; indnslries in 
India ai\' (l»e cnnincerini^ and automobile 
norks, leallur factories, railwavs, and fnr- 
nilnre makers. They an* e\lensi\'el\ us(xl 
lor al)radini’, poli.shiie^; and sh;irj)enin|Li[ of 
all 1yp(*s of materials. 

I he first attenijjls at lai jTc-si ale mann- 
faeture of eoatcal abrasives were made' in 
" 2 i) by the Strawboard Mannfactnrinj^ Clo. 
;it Saliaranpnr. In M(\ssrs. Krishanlal 
I hirani & Clo. (laleulta) went into pro- 
duetion, and now Messrs. National Sand 
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Mills Ltd. iRawalpiiuli), and Ajax 
Product? Ltd. (.Madras), wlio .started pro- 
duction durinu; the last War, arc the prin- 
cipal producers of coated abrasives. In 
addition, a few small concerns and the 
cottage industry account for about 20 |)rr 
cent, of total production capacity. 

'Fhe principal raw materials of this in- 
dustry .ire natural abrasixe minerals such 
as (|uartz, ]L».unet, corundum and emery ; 
synthetic abrasive minerals such as .sili- 
con carbidi' and aluminium oxide j^rains; 
baikiiu; ]>ajK‘r kraft), cloth and vul- 
i ani/cd fibre ; and liidc ,t^lu(‘ as binding 
material. 

lamny is imj^orted from Turkey, and 
silicon carbide and aluminium oxide grains, 
kraft paper and vulcani/ed libic, iVom 
llu' r. S. A. During (he Second World 
\\'ar, Indigenous iorundum was usc'd as a 
substitu(<'. Hut supplies of corundum w(*re 
inacU‘(|uatc, and its price ranged bclwi*en 
Us. |f)0 and Rs. lioo per ton as against 
Rs. per ton of im|)orted emery. Waste 
glass and glass pic'ces arc* used lor making 
glass ])apcr. also c alled sand-pa|)ci . 

In the n^..muracture o(' coaled abrasives, 
abrasive m.sterials whic h are in the form of 
big lumps I p j itte lirsl reduced 

to smaller ]>ie( cs 1' 1"; b\ a preliminary 

( ll^lling, .md later rediuc’d to liner sizes 
by iiu'ans oi roll i rnshers and graded. The 
mill-roll of papc'i’ on which the maker's 
name and t?ade mark are printed, is pass(*d 
through a xac uumdrum I)et\v(*en calender 
rolls in tin coating maehine and given a 
coating of the hide-glut*. The coated sur- 
lace is ne xt passed under the spreader be- 
low a ho])per wliieh feeds tlie abrasive 
grains. It is then given a stroiul coating 
of glue in a sizing maehine in order to lix 
the* grains on to the backing, and dried 
and rolled into a jumbo, /.r., the finished 
coated abrasix t* roll. After snllieient ageing, 
it is cut to ret|uircd size and marketed 
(Rep. Indian 'I ariff Bd. Cloaled Abrasixes 
Industry, 1946). 


'flic rated capacity of indigenous pro- 
ducers, on the basis of ixvo shifts a day, is 
c.stiinated to be 200,000 rc'ams |)cr aiinimi. 
Blit owing to slioilage ol' raxv niaterials. 
production has bec'ii only jo per cent. ol 
rated capacity. 'The maximum output 
war reached in \\[] xvhen prodiieliim xxas 
84,000 -104,000 reams, xaluetl al Rs. 21 
lakhs. 

The xaliie (»f abia.sixes, di-siributed in- 
dustry-xx'ise in ’.p:; xxas Rs. o lakhs lin 
Ordnance Factories and Defence! Serxicc 
re(|uiremenls, and Rs. iP. laklis li>r « ix iliau 
use. In terms of r|uamit\ eonsumc'd. 
this represented 10 j.oiM)- 1 re.ims ol 
abrasives. 

Ill India, sand Hint |)ap(‘r. and eoi undnin 
or emtny cloth are in largc'si dc-mand, and 
these art! the |)rineipal c o.Uc-d ab^a^i\•c*s 
mamilaetnrecl. 'The fair M‘iling prin* per 
ream of Indian sand/llint paper in ' p) 

( Ju!\-I)ee.)has bic ii otimared at Rs..?i-j, 
and the avtnage laiidc'cl tost of imporieti 
paper xxilh (‘xisling diilx. at Rs. jej-j. In 
the e.'ise of earfjornndum c»i‘ caneix cloth 
made in India, llic* lair s(‘lling juiic* was 
c'stimated al Rs. bj-ii, wliile the* landed 
cost ol’l)etter gradc-s of impm ted t arboniii- 
tliim or (*merx c lodi xvas Rs. (>2-0 and of 
cheaper grade's, Rs. .|S-iV Indian |)ric cs 
are expected to come down if produc tion i^. 
inerc'a.'^ed. With the rsisdn rcxeinu' 

duties ad vah.rnu jo pc*r ec'iu. on emc-iy 
cloth ; j)er eeni. standard rate* <»n abra- 
six’e papers ; and 2 j per c'cnt. pri-li-rc-n- 
lial rale on imports from I . K. . indi- 
genon.s inannfaetiires c\iii compete with 
imported prodiu is. Rc*i c nily the 
of India eonxc-ited these dniic*. into 
protc'ctixa* duties ad ralnn*'- iin io 
Mar. \u). 

Before* ';^(), India xxas impoiting coated 
abrasixes mainly fiom tlic I . K.. die 
L. S. A., Italx and jajian. Diirinc 
the War I/. K. was ihi* principal 
supplier. 
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GRINDING WHEELS 


(iriluling whorls aro m|iiirccl for grinding 
iron and stool, agalo, \'ilrifiod bricks, glass, 
granite, leather, poroolain, slate, (!to., anil 
oome into the market in different sizes, 
shapes and sperilioations. The variety ol' 
work in whic h grinding wheels are us(*d 
coin])rises tool and c utter sharpening, eslin- 
drical grinding, roll grinding, general and 
sinfac e grinding and the grinding of cereals 
into starch, (lour, etc. 

In India grinding wheels an* at ])reseiit 
nianiifactin-ed by two firms : Messrs, 
(irindwell Ltd. ;llonibay), and Kata 
tJrinding V'heel Works i .\inrilsar). Messrs. 
(Jrindwell Ltil. came into existence just 
before' the outbreak of the Second World 
War. Their present lapital investment is 
abe)ut Rs. lakhs, and th(*y have a rated 

< apacity <»f -*50 tons of wheels |)er annum. 
Tlie Kata Works at Amritsar ha\'e a rated 
capacity ol* (jo tons jan* annum, which 

< ouId be doid^led. 

The principal raw materials employed 
in grinding wheel manuracliire are the im- 


ported syntlietic abrasives, silicon carbide 
and fused alumina, which account for over 
90 per cent, of grinding wheels made in 
India. T'he Kata Works use Rew^a corun- 
dum. Compared with imported wdieels, 
the efiiciency of their wdieels w^as about 
75 per cent. Other raw^ materials, viz-y fire 
clay, pipe clay, magnesite, plaster of Paris 
and silicate of* soda, are obtained from 
indigenous sources. 

Indian manufactures are chielly vitrified 
grinding wlieels. In the manufacture of 
these, an intimate mixture of abrasive 
grains and clay bonding with the requisite 
amount of moisture, is prepared. The ratio 
of abrasive to the' Ixinding material de- 
termines th(' hardness and density of the 
wheel. 'The mixture is put into oversize 
rnonltls and pressed into wheels in hyilraiil- 
ic or hand presses. 'These are drictl for 
twr> days in a lu-ated room, and then raw- 
dressc'd and given the recpiired indentations 
and sliapes. 'I'hr last traces of moisture 
are eliminated by leaxing the raw wheels 
in another drying room for (>-30 days 
aceording to size. Tinally, they arc loaded 
into kilns of (ift.-iHft. diameter, and fired 
at several |K)ints b\' coal, oil or gas. The 
highest iemp('ratur(‘ is reached graduallv 
in 8 full days, and similarly, th(‘ cooling of 
the kilns is t‘ilect(*d gradually. 

I'lie wheels arc finally ilressed to dimen- 
sions on specially designed machines. Wheels 
over 6" in diameter receive a speed test. 
The vitrified tv pc of v\hc‘els have a working 
speed ranging from f,,o()o-(),ooo sur- 
fiu'e feet i)er min. and the test speed 
is approximatc-ly 9,000 surface feet per min. 
Silicon, shellac, rubber and bakelitc bonds 
are also used for special purposes, the last 
two being mainly used for speed exceed- 
ing 9,000 surface feet per min. 

There aie innumerable types of wheels 
and sf‘gm(*nts of dillerent grits and grades 
produced by the same process. Hut the 
standard types which are produced and 
sold in large numbers in India arc of sizes 
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io'> 1' (wt., G.8 lb.); 12'xi' I'wl., 

.9.7 lb.) ; 12’ X 2' (wt., 19.0 lb.). The 

ijualily of Indian jjrindins wheels gave no 
ropm for eomplaint during the War, and 
the Railway Bd. has recently included the 
grinding wheels made by (Irindwell I.ld. 
permanently on the approved list. 

INDl.AN PRODUCTION OFCJRLNDlNt; 

\VHF.KT.S 
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Messrs, (irindwell Ltd. produced over 90 
per cent, of the total Indian produetioii 
and were the i)rineipal su])pliers to the 
(iovt. and the Railways in '43, 78, 000 lb., 
in ’44, 200,000 lb., and in 'if,, 27(),ooo Ib.i. 
It is estimated that pi per cent, of the 


Indian (ieiiiand comes from the railways 
and ordnance factories and the rest from 
industry. 

The cost of production of .Messrs, 
(jrindwell Ltd., in 'jf,, was Rs. 2-12 per 
11)., and it is expected to come down to 
about Rs. 2-4 clitring ’17-19. Ihit the 
landed cost, ex duty, of imported grinding 
wheels is less than half this figure ;Rep. 
Indian Tarill Bd. (Jriuding Wheels Industry, 
19 (.til. In order to encourage indigenous 
manufac ture, the (iovt. of India ])lac<-d a 
temporary ban up to the end of '48 on the 
import of grinding wheels similar to those 
manufactured in India, and imposed, a duty 
of f)0 per cent, on other grades of grinding 
wheels not locally made, and remeweel the 
duty on imported raw matcri.ils. .Vftcr ’18 
it is proposed to impose a f,o per cent. diit\' 
on all t\pes and grades of grinding w heels. 

Before the War, practically the entire 
Indian demand for grinding wheels was 
met by imports from the U. K. 
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ACETONE 

Acetone is a clear colourless mobile* 
ilir|uid with a characteristic odour and a 


jningent swc‘ctish taste sp. gr. i",’, 
0.7972 ; b. p., f)G.f," ; wt. per gal., 8.0 lb.). 
It is highly inllaiumabic, its flash-point 
being - • iti", and its vapours form explosive* 
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iTiixtiires with aii-. It is miscible with 
U'ater, alcohol, ether and chlorol()rni. It 
dissolves several organic subsiances, especi- 
ally volatile and fixed oils, resins, tannins, 
vW. Acetone also dissolves potassium 
permanganate, and when ])uie, it is not 
acted upon by it. 

Acetone is present in ver\ small amounts 
in normal mine, but the proportion 
becomes prominent in diabetes. Its pres- 
ence is detected by [.egal's test. A slightly 
alkaline solution (KOH' with. sodium nitro- 
pru.sside gives a red colour, which changes 
rapidly to yellow, and on the addition of 
acetic acid becomes reddish-violet and fmallv 
blue. 

Acetone is a valuable industrial solvent. 
Its chief uses are in the manufacture of 
aeetau- rayon (4 lb. being iccpiired for 
I lb. of rayon), as a solvent for nitrocellii- 
lo.se in the manufacture of cordite and 
smokele.ss powdeis, and for the storage of 
acetylene (ip v.). an lb. of aciaoiie are re- 
quired for the manufacture of too lb. of 
coiflile, and solvent recovery is about ',-7 
11). .\eetone is also used in tlie manufacture 
ol' celluloid, varnishes, ])aims, ami aeroplane 
dti|)es. and is employed lor the <-xtraction 
of fats and oils, and various drugs and 
perfumes. 

In India, acetomt is principalK used in 
the manufaeture of <ordite and smokeless 
])owder, and the i 'vilian demand is ehiefb 
for use in acetylene cylinders ;»■, tons |)er 
annum). 

.\eetone is one of the con.stituents of 
pyroligneous acid obtained during wood 
distillation .q. v.!, ami during its pioces- 
sing, it pa.sscs into crude methanol of which 
it liirms about If) i)er cent. It cannot be 
.separated from methyl alcohol b\ fi actional 
distillation, since the two form a (onstani 
boiling mixtme (qo per cent, acetone, and 
10 per cent, methyl aleoho* of b. p., <)').«)". 
(bnsequently, during the rectification of 
‘ crude methanol,” the constant boiling mix- 


ture passes o\ cr first. 7 'his is also known as- 
‘ methyl aeelone,’ and is used as a soU’cnt 
and denaturant. -The technical product 
from the My.sore Iron AV^orks contains 
f)0-5f) per cent, of acetone (r/V/r Wood dis- 
tillation), the rest coasisting of methyl ace- 
tate, methyl alcohol, etc. 

Acetone was formerly manufaitured 
almost milirely from gri-y acetate of lime 
obtained from p) roligneous acid. The ma- 
terial contains usually f?o-{f'.> per eeiit. 
of calcium acetate and on heating decom- 
poses thus : 

i(’H:;C() 0 ).,C:a-(:iJ,(:()(:H:, CaCO, 

.\ modification of this method is tiu- direct 
catalytic conversion of acetic acid to 
acetone. 

Technical grey acetate is charged into 
.shallow trays in a closetl chamber and 
healed in an inert atmosphere to ioo-^oo" 
lor about 8 hrs. The et ude acetone formed 
is condensed and run into storage, ('.rude 
acetone is diluted with an eipial volume of 
water and vigmously stirred when acetone 
oils, consistiu.g of higher ketones such as 
methyl ethyl ketone, etc., separate out and 
form an oily layer. The a(|ucou.s portion 
which holils all the acetone is .subjected to 
fractional distillation, and fractions, which 
are completely miscible with water ami 
are stable tow;irds iiermanganate, are 
removed as the finished product. Acetone of 
very high purity is required for tlie maiiu- 
lactme of .smokcl(‘.s,s powder, and fbi the 
celluloid iudustrv. 

Acetone oil is graded into ' white acetone 
oil,’ 1). p.. 70-130", and ‘ yellow acetone 
oil,’ b. p.. iqo-'j-jo". These are also used' 
as solvents and denatnrants. 

too lb. of grey acetate yield nearly iJi lb. 
of acetone and .) .8 lb. of acetone oil. Ae<‘- 
tone was being manufaettired by the above 
process in the (lortlitc Factory at Ariivan- 
kaihi i Xilgiris) from grey acetate obtained 
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from thr wood distillation plant of the* 
Mysore Iron Works at Bhadra\ati. Durinn 
the last War owin^ to fall in sup- 

plies due to tieerease in the r|uantit\ of 
wood distilled, and the urgent need f«)r 
acetone for the |)roduction of increaseil 
<|uanlilies of cordite, a plant was erected for 
production of i,t)oo tons of acetone annually 
from alcohol. 

In the process developed by the British 
Industrial Solvents Ltd., a mixture of 
alcohol and superheated steam '1:1 is 
passed through a series of leactiou xessels 
at 170" containing specially ihemically 
treated ferric oxide. The following nsiclion 
takes place : 

c; H,OH ITO->-iC.H3,,(;() iH ; CO. 

The gases containing ahso some unconverted 
alcohol pa.'-s through condensers anti send.)- 
b<TS, the coiKeiitration of acetone in tlur 
t-omlonsate being about 5 per cent. I'rom 
this, pure acetone is obtained by rectifica- 
tion. The best yield is of the order of Mo per 
ci-nt. 

riie fermentation potcess fl)r the techni- 
cal production «)f acetone was developed 
dm ing the Lirsl \Vorlfl War by Weizmann 
following the earlier iinestigalions of 
I'crnbach 1 Riegel, 3")0 ; and luduslr. 

(.'Iiiiii., ip'zM, 20, io()3 . I nder carefully 
coiilrolh'd conditions, the organism. 
hidium airlohiilrHawi, isolated I'rom the sur- 
face of corn and other <'ereals, and also 
fouml in lh«* soil, acts »)n corn mash ami 
degrades starch into butyl alcohol, acetone 
and ethyl alcohol (i : 3 : i ■. It has now 
been adapted for the fermentation of molas- 
ses. Sugar concentration is k<‘pl at 3 |)er 
cent., some nitrogen is stijtplied and the 
entire fermentation is carried umlcr sterile 
conditions for about 45 hrs. The \ield of 
mixed solvents on the basis of the sugar 
content of niola.sses is 30-33 per cent. 
These arc separated by distillation and the 
constituents are separated and purilied by 
fractional distillation Induslr. luif’iiif. (.iitiii., 
29»f3W)- 


During the First Work! War, a plant in 
(lanada working Wei/.mann's jtroccss |)ro- 
duced about a million gallons of acetone 
in two years. .A factory was being erected 
in India at .Nasiki, to jiroduce acetone 
horn rice and jaaur \Sorg/iuiii 'I'he 

project was dropped when the War « nded. 
Fowler il a/. J. Indian Inst. Sci.. ic)2i, 
4A, i; 11)23, B.\, 7 ' ‘‘''‘I hf) have attempted 
to use nialiuti llowers • Mndhura indinr in 
acetonc-bulylic fermentation. The icruienl- 
ation process using molasses is now being 
worked in the I'. S. A. mainly k)r the pro- 
durlion of butyl alcohol, and acetone is 
obtained as a secondary |)roduct. 

Large quantities of acetone are also manu- 
factured from propylene, a constituent of 
gases evolved during the cracking of petro- 
leum. Propylene is converted into isopro- 
pyl alcohol and the latter dehydrogenated 
or oxidized to acetone. .Acetylene forms 
another raw material for the production (jf 
acetone. The process of conversion is simi- 
lar to till* one for producing acetaldehyde* 
«*xeept that longer time is allowed ; 

CH fill 11,0 * CK.CIIO * 

2(.ii,(;ho i n,()->;(:H,)T:o i co, _>n. 

The rapid expansion in the production of 
acetone in .America by synthetic ami fer- 
mentation pro( esses has brought down the* 
price to 3 c. per lb. 

|{t;iVI, .M.roilOI, 

.\-But\l .ilcohol obtaineil by the fermeni- 
atio!i process is a coh)urles.s iiillani- 
mable lirpiid of b. p., 113". It is also pie- 
pared synthetically, from acelaldt*h\de. It 
dissolves in water to the* extent ol about 
10 per cent, by weight, but is iViely mis- 
cible with most organic solvents. It is 
an excellent solvent liir .several gums ;md 
resins, and lacquer and agar, ami is ex- 
tensively used in the pr(*|)aralion lif paints 
ami varnishe*'. Butyl acetate prepareil 
from it b. p., i2().3’i has even bett<‘r 

solvent propertit*s, ami is iiseii for similar 
|>urj)o.ses. 
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ACETYLENE 

Acclylcnc is a roloiirlcss iniinmniubic gas 
otMaiiu'd by ihc aclion of water on calt iuiTt 
farl)i(lc ; 

(^aC^ ; ->HXD— ; Ca'^OH^., ; ;^o.4kg.-('al. 

Wlicn pure, it has a slightly ethereal odour, 
but when produced I'roni comiuercial <al- 
ciuin carbide, it has a disliiicl unplcasaut 
odour due to the presence of traces ol'phos- 
]))ieue, etc. In small (piautities the gas is 
non-poisonous, but when present in con- 
centrations of more than .p) per cent., it 
may produce asphy.xiation. Acetylene dis- 
solves in an erpial volume ol' water. It is 
more soluble in organic solvents, es|)eeially 
in a« etone. .\l ordinary |)ressure and 15'’, 
acetone absorbs ‘2", times its volume of 
ac«‘l\leue. At 1 atm., it takes up 300 
vfilumes and at 15 atm. nearly 373 vol. 
This property is made use of lor the storage 
of acetylene in the dissolved .stale. 

.\eelylene is an endothermic cotnpomid, 
its heat of I'ormation being nearly "jO kg.- 
cal. g. mol. both the gas t., 37" ; p , 1)2 
atni. > and the lupiid (b.p., {53. ti") are highly 
e.\plosi\»', particularly under pressurt'. fhe 
gas forms explosive mixtures with air. It 
burns with a smoky llame, but when supp- 
lied with sullieient air, it gi\esa clear white 
light. Its molecular heat of combustion at 
.standard |)ressure is 320 kg.-cal. g. mol. Its 
cal.val. is c./. li. Th. 1 .'. c.fi. compared 

w ith f)00 in the case of coal gas. The arge 
amount of heat thus evolved is made us<t 
of in the oxv-acetviene llame. 

Acetylene reacts with .several elements, 
and yields c<-rtain metallic derivatives, the 
chief of which is copper acetylide. It com- 
bines with chlorine to form additi\e cotn- 
jiomuls, but in sunlight the reaction may 
take place with explosive violence. It Ls 
reduced to ^thylene, and in the pr,c.scncc of 
mercury salts it is converted into acetal- 
dehyde. In recent years, these reactions 
have a.ssumed very great technical imjxu’t- 


anec and form the basis for the synthetic: 
production ol‘ numerous open chain organic: 
compounds. 

Acetylene is also the starting material for 
the production of the synthetic riibber,knowu 
as chloroprenc or neoprene, and vinyl 
resins and plastic. When heated acetylene 
is polymeri/ed to benzene, and under the 
inlluem:e of heat and pressure it yields a. 
complicated mixture of tars, oils and resins. 

The lirst commercial use to which acety- 
lene was put was as an illuminant. 'I’hough 
superseded to a large extent by electricit) , 
aceiyhaic is still widely used as an illuminant 
for marine and aeronautical purposes in 
buoys, light-hou.ses, signalling lamps, etc. 
Large, cylinders holding, in some ctuses, 
•,oo c.ft. of dissolved acetylene ami pro- 
vided with automatic control and lighting 
dcxices are lilted to buovs. 

At present Ihc imisl important use ol 
acclylcnc is in the welding and cutting 
industry. Nearly all metals can be welded 
by the oxy-acctylene llame which reaches 
a temperature of nearly 3,300". "I’hc ef|uij)- 
ment t on.sisls of oxygen and acetylene cylin- 
ders, lilt«-d with ptessure reducing xalvcs and 
regulators and a welding blowpipe. Blow- 
pijK's are a^■ailable, suitable for welding the 
thinnest gauge of mihl steel and also for 
wcliling steel up to i" in thickness. Blow- 
pipes ha\ c ai.so been especially de.signed for 
the welding of lead sheet used in the con- 
struction of storage batteries. According to 
the t\ pc of blowj)ipe and the size of nozzle 
or welding tip, gas consumption may vary 
between 0.2 and 90 c.ft. per hour. Fapial 
t|uantities of oxygen and acetylene arc 
usually consumed during normal welding, 
but in special eases, it is possible to use 
a .slight cxce.s.s of acetylene. It is widely 
used for the welding of non-ferrous me- 
tals, particularly aluminium in aircraft 
and automobile industries, and for welding 
copper in chemical industry. When weld- 
ing non-ferrous metals, it is usually 
ncce.skiry to employ a Ihix, the composition 
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of which depends upon the nature of the 
material being welded. Oxy-acetylene weld- 
ing finds its greatest scope in light c'ligineer- 
ing industry, and in the resurfacing of worn 
])arts. ^ 

Acetylene is also used very extensively 
as a fuel gas for tlie oxygen cutting piocess. 
Its high calorific value, ready |)ortabiIity 
and ease of manijnjlation, particularly in 
the dissolved state, make it superior to most 
other fuel gases. It is also employed in 
blowpipes called pistols to melt wives used 
ill metal-spraying. 

Tlic usual portable or scmi-poriable ace- 
tylene generator consists essentially of a 
container holding carbide, on which is 
])laced a vessel of' water, and the. water is 
allowed to drip slowly on the carbiclc. 
'I’he n'sultant gas is then ])ass(‘(.l diiet t to a 
suitable burner. Such small generating 
cle\ ices usually hold onl\ a lew' pounds of 
carbide. Similar in principle, but some- 
times larger in si/e, ar(‘ automatic acetylene 
generators u.sed for light welding ecpiip- 
menl. In these, the carbide is placed in a 
sniidl cage and allowed to dip into water, 
'flic pressure of the gas generated is (*in- 
])loycd to force water away from the carbide 
until the prc.ssiire is released. Ceneralors of 
lliis type usually do not take a (diarge of 
more than 2H lb. of carbide at a single 
loading. 

The larger types of generator work on the 
inineiple of dropping carbide into excess of 
water. It is usual to work with a weight of 
water four times that of carbide. By doing 
this, the temperature of the generator is 
kept fairly low and tht* resultant acetylene 
is free from products can.sed by overheating. 
Girnerators construi led on lliis principle 
are capable of taking a charge of u\) to (wo 
tons of calcium carbide. 

The quantity of acetylene pi oduct'cl from 
calcium carbide depends on the quality of 
the carbide and on th(‘ .size of grading. 
Theoretically one pound of eahiimi car- 


bide should |>roduee about f).b c.ft. of aeetv- 
lene, but this figure is not attained in j)rac- 
tiee. Tlie smaller tlie grading 01 th(‘ ( ;>r- 
bide, the lower is the yield. Acconiing to 
B. S. S. No. 642, good quality rahuimi 
carbide in sizes varying from 13 mm. to 
120 mm. .should produce in an efficient 
generator 4.15 e.ft. of aei'tylene ])er lb. 
Witli (h(‘ smaller poitabh* geiuuators, this 
figure' may drop down to 4 e.ft. piu* lb, 
riie pressure in acet) lene generators is n<»r- 
mally a few inches of water, hut there has 
r(‘eeutly been a tendency to develop 
ge'ueratens working at higher pressures, liy 
law’, it is not permitte'd to exceed a pressuie. 
ofq 11). per st|. in. 

'The gas pro<hiC(‘d from loinimrcial e.d- 
( iinn e arbide is not a pure' prodin l. It 
lontains small amounts of (he h\el^idc^ 
of |.)hos|)honis, silicon and sulphiir. Ihc' 
two foinK r :\vc liabh* to sponianc*ous igni- 
tion in the |)r(*.s(Uice (»!' air. I’urihri, fhr 
ini|)ui iii(‘S ha\ (' a icndtuu \ t»» coi rodc 

wi lding c(p.iipiuenl and to choke llu' appai .1- 
tus. .Accordingly, in tlu' larger installa- 
tions, c:4)ecially those' prc|)aring dissolve'd 
ae ctyicne', the gas is passe el thre>iigh |)uri- 
fie'is e eintaining e hreiinie* ai id, en* ferrie' 
chloride and small amounts Of ce)ppe r 
and mercury salts iTheiipe*, 1, yr-^i. 
purilie'd gas is the*n drie'd hy me*ans of e al- 
cium e hloride*, jiassed on to ce)mpre*ssor s 
and filled in ste'cl e ylinde'is at a pre*ssur<‘ e>r 
If, atm. e)r 22f, lb. sq. in. 

Dissoivcel aceuyli'iie* i\linelia’s eoiitain a 
tightly |)acke*d porous substance whie h iii.ex 
take* the- ibrm eif mixture of spe'e ial graeles 
of charce)al, eir a librous substance' such as 
ka)K)k, or a peirous cenu'nt eejiitainiiig 
chare eial, asbe stos, etc. I'his iioroiis mass, 
saturated with aceteme, breaks up (he: iii 
ternal volume eif the cylinder into imiij- 
merable small cavitie:.s. If (he ae e*(yle ne' is 
e'(»mprcs.secl into a mass having (he right 
degree of porosity 'Be» per e e iit. >, decom- 
pe)silion e»i’ explosive nature is localised and 
arrested at the point eil' outbreak. The 
|)urpose* ofaee'tone' is to ine rease the* s(e)rage 
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i a|Ku ity oi tlu* ( (mlaiiicr. '1 lie ciiliancccl 
.sUirajf*: capacity ol' dissolved acetylene 
cyliiuiers aiul the cleanliness and ease of 
inani|)(ilulion of dissfjlvrd acitylene have 
Iwen the prime factors for the rapid growth 
of the dissohed ac<'lyleiie iiiilusiry. 

In tlis^olved a< etylene was bciiijj; 

niaiiulai tilled at C'alcutta and Bombay, 
and adililioiial units oi production came into 
opcraliou by about .4 I at Lahore, Jamslicd- 
pur, (lawnpore. Bangalore and (lolombo. 
Rei cully tiirce more plants ha\e 
been broi'ifhl into opiaation at Madras, 
l 5 uiH|iorc and Raii,t(ooii. I'he \alue of 
ilissoivcd aicl\lciw producctl rose I'rom l-f) 
lakhs ol rupei s in ';;il to nearly 20 lakhs oi 
luj.'ccs in '1;;. About ;4o |)ei cent, of the 
loi.d jiroducliun durint!, the War was i-ar- 
111. II ked for the ( ii i\ l . 

Aicl\lcnc cUiiitlcrs ar<‘ in \arious sizes. 
The most ( ommoii sizes are of 200 c.ft. 
v\l., .Mio lb.], 120 c.ft. size (wt., 125 Ib.i, 
ami ()0 c.ft. iwt., 75 lb.). I)is.solved acety- 
lene < )liiKleis arc ])aiiited maroon, and are 
ijsiially provided with a safety disc device 
which permits the contents being vented in 
the event of e.xce.s.sive gas pressure developing 
within the cylinder. The gas should not 
he withdrawn from these cylinders at too 
va[jid a rate ; the ma.x. rate advisable is 
about 20 per cent, of the total contents of 
the cylinder per hour, i.c., from a 200 c. ft. 

I ylinder not more than 40 c. ft. of acetylene 
should be drawn per hour. .Acetylene 
cylinders should he stored in an upright 
position, away from heat or any (ontami- 
iiating substaiue aiul shoiihl be handled 
carefully and without undue vieih'uce. 

riu’ chief law material of the aci’tylene 
indii.stry is calcium carbide, and acetone is 
iiipiired as solvent. The Indian Oxygen 
and .\cetylenc (lo. is reported to require 
auuually about 2*) tons of acetone to 
rephu e losses due to (“vaporation iThomas, 
Rep. Divelop. ludustr. War Sup|ilies, 

It' iJI 


CAl.Cni’M CARBlDi: 

Oalciuin carbiile is manufactured in verv 
large quantities in electrical furnaces in 
couiilries with abundant supplies of cheap 
electriial power. In modern furnaces, 
])owcr coiisumjniou is about 3,500 kw.- 
hrs. per (on, and current elliciciicy, 62 per 
cent, fhe consumption of electrode is 
very high iner 70 lb. per ton of carbide), 
and forms an important item in its cost of 
prodiiiiion. The annual world production 
of calcium carbide before the War was of 
the Ollier ol' i million tons. 

(^licium carbide is manufactured mainly 
for <nii\«‘ision iiilo the fertilizer, calcium 
c\auaiuidc, and lor geueratiiig acetylene. 
Lor its prepaiation, high grade coke and 
limeslouc iree Iroiii phosphorus are re- 
quired. The coke must be low in ash con- 
tent and the limestone iClaO, q7-()fl per 
(cnt. Ifi*c from magnesium carbonate. The 
t\u> arc fed into the furnace, in the ratio 
of 3 ; 2 and rai.scd to a tenqurrature of 
over 2,000 ’. The molten carbide formed is 
run out, cooled and crushed to variou.s 
grades. The largest carbide plants are in 
(lanada, U. S. A., South Africa, Norway, 
Switzerland, France and (Icrmahy. 

Pure calcium carbide is a colourlc.ss, 
tran.sj)arent, crystalline solid. The com- 
mercial product isp. gr., 2.2) consists of 
greyish black lumps, and contains about 80 
4)er cent, of pure calcium carbide together 
with imcombined lime (14 per cent.) and 
carbon T per cent.), and traces of phos- 
phides. sulphides and silicides. Owing to 
tlu- readiness with which calcium carbide is 
acte<l upon by moisture, great care has 
to be exercised in its storage and trans- 
port, and on account of the inllammability 
of acetylene produced, it is ncce.s.sarv to 
protei t it against ri.sk of fire. 

C.alcium carbide has not been producetl 
in India in any quantity, and attempts at 
small-scale production during the War have 
not proved economical. During the pei iod 
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’3r)*39> average annual imports amount- 
ed to 2,996 Ions valued, at Rs. 6.6 lakhs. Of 
this, roughly 1,25)0 tons came from C'nnada, 
1,200 tons from Japan, and the rest from 
South Africa and Norway. During '36-39, 
the price per ton of carbide, from Japan 
was Rs. 186, and from fitlier sources 
Rs. 230 ( 7 . sW. & indmtr. Rvs,. 1942, i, 
13). Imports of carbide arc subject to a 
revenue duty of 30 per cent, ad la/unm. 

During the War, consumption in India 
rose to nearly anmnn, and 

the annual requirements of the immediate 
post-W'ar period are not e.xpectcd to rise 
rnucli above lliis figure*. 

ACIDS 

Acids constitute' an important gn»up of 
clu-micals \vhi( li j)l:iy a \ilal role in the in- 
dustrial economy ol' a natifui. In ttormal 
dines, they arc mainly ulili/cd for c(»n\ ersion 
into products, used in other industries and in 
agriculture and medicine. During wars, 
there is an abnormal rise in the demand for 
fiec acids, particularly sulphuric and tiitric, 
both of which arc required for the inanii- 
fa(*lurc of cxplosiv(\s. 

Acids may be classified into two groups 
- inorganic or mineral, and organit . Tlic 
first group is generally inanufactnred from 
mineral raw materials ; the st'cond, Irom 
vegetable and animal sonrres. Rt'icntK, 
synthetic methods have been dcvelojtcd for 
the manufacture of some organic ac ids. 

I’he more important mcinbeis ol llic' two 
groups are : 

Inorganic— Boric, Hydroc lilcnic, Nitric’, 
Phosphoric and Snlplmric acids ; 

Organic— Acetic, ('itric, (hillic . Lac tic-, 
Oxalic, Stearic, Tannic aticl lartaric 
acids. 

llic mannfacture of In droc lilciiu . niliic 
and sulphuric acids, in India. c«/mnic r.c ed 


some forty years ago, and now onl\ sinall 
quantities of special grades of these acids are 
imported. 'The country's rccjuircmcnls c»l 
almost all the other acids were met by im- 
])orts even uj) to the eoinmc’iiccmenl of the 
Scc’cmd World War. 

'The last War gave* a grerat impetus to the 
production of acids. Fhe production of 
mineral acids, in some cases, was more* than 
doubled, and attempts have* been made* to 
manufac ture from indigt'uons raw niateiials 
aci'tie, oxalic, stearic and tannic acids. Sm 
far only the older processes of inamifiu tine 
iiavc beem employed in India. N<‘w laetorics 
arc expended to profit by llu* latest achaiiccs 
in other c'onntiies in pnx-evscK .ind in plapM 
ronsti IK tion. 

I\e )R(i \NJ(: 

Boric Acid 

lioric ac id. U also known as lifTaeic 

acid, occurs in soft, colourless, odnuiless 
crystals or Hakes, or in the* fornt ol*j>owcler, 
inelting at in|'’. It is slightly soluble* in 
water and aleohe)!, and e an be* c r ystalli/e d 
from boiling water. It is steam-volatile* 
mil is a very weak aciel. Its alkali salts in 
ilil. se>lntion are alkaline. B. P. ae id and 
technical graele*s cenilain qe).-*) per cent. e»r 
boric acid. 

Boric acid is a mild liseptic and iK 
solutions are* non-irrita It is widiK 

used as an cxte'rnal antiseptic* in the loin; « f 
dusting powcler, oinlmc*ni, lint, ete. Its 
use* as a looci preser\ati\ c* is now prohibiie d. 
Jn indnstry, it is i-mployecl in eeiamie 
gla/.cs and enamels, in iminc*gnaiing 
c andlerwicks, lire*|)roe»ling c eniiposiii<ins. .md 
pape*r gla/.cs. It is also nsicl in edirs- 
making, |)lating, and as a flux. 

'I'he* free acid is Idimd in the \ap» in- 
issuing along with ste am from i la* a:;d 
lissnris in the gioimd i;i LnsiaiCx. and 's 
reeo\en*cl Irom tin- ceiuclensed w.nci l)\ 
cone enti at ie»n. Il is alsn jaepareii |.' ll.r 
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action of hydrochloric acid or sulpliuric 
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Hydrochloric acid 

Hydrochloric acid is a scdntioii of hydro- 
t{cn chloride gas in water. 503 volumes of 
the gas dissolve in i volume of water at 
<» '. 1 lydrocldoric acitl forms a constant boil- 
ing mixture (sp, gr., 1,101 ; b.p., no" ybo 
mm.) containing 20.24 P^‘*’ ^^nt. of HCl. 
Solutions containing more than ^(i per cent, 
of IlCl (sp. gr.,1.2 and above) fume strongly 
when ex|H»scd to air, and- are known as 
I'liming acid. 

The UMial grades an* 'IVchnical, CI.P. 
and li.P., and all these are manufactured 
ill India, li. P. acid (sp. gr., 1. 139-1. 16H) 
contains 31-33 per cent, of HC'l. CJom- 
mercial acid, also known as muriatic acid, 
is marketed in grades of 18", 20" and 22" He', 
corresponding to jtl, 32 and 36 per cent. 
Hdl, respectiveh . I’lie usual im|)uritic*s 
are iron and arsenic. A ( olourlcss synthe- 
tic product of high purity containing neaily 
40 per cent. H("i is also available. 

Hydrochloiic acid \'ejy coiTo.^i\'c and 
is gemrally packed in glass carboxs or 


bottles, and stoneware jars. Recently rub- 
ber-lined containers and tanks have been 
finding increasing apj)lication both for trans- 
l)ort and for storage. 

Hydrochloric acid is mostly used in the 
mamifai ture of /inc ( hloride, and other 
inorganic chlorides, such as barium 
chloride and stannous chloride, and 
organic ihlorides such as methyl and 
etliyl chlorides. It is used as a process 
mateiial in the dyeing, mercerising and 
printing of textiles, in the chrome tanning 
of leatJu*r, in the mamilacture of glue, and 
in tin* hydrolysis of carbohydrates. It is 
also us(*d for pickling steel. 

In medicine dil. hydnx'hloric acitl (s|). 
gr., I. o.| 30-1.0 1 32 w hich contains 10 ])er 
cent, by vvt. of 11(11, is used in stomaihic 
and digestive mixtures, and in the treatment 
of achlorhydria assoc iated with pernicious 
anaemia. 

Hydrochloi ic acid was formerly (obtained 
as a by-product of tlic Le-Blane process for 
soda ash (q. v. under Alkalis), and was 
mainly used for the preparation of chlorine 
reciuired for the inanufaetiirc of bleaching 
]>o\vder. Since the development of eicetrcj- 
ehemieal processes of alkali manufacture, 
producing large quantities of chlorine as 
by-product, hydrogen chloride is being pro- 
duced by the combustion of hydrogen in 
silica burners in an atmosphere of chlorine. 
The gas fmrned is cooled and absorbed in 
water to give very pure hydrochloric acid. 

Nowadays large quantities of hydrogen 
chloride arc also formed during tlic technical 
chlorination of organic compounds, such as 
ben/ene, toluene, etc. This gas when puri- 
fied and dissolved in water yields hydro- 
chloric acid, which is comparable in purity 
to that obtained by the synthetic process. 
Tliere are as yet no organic chemical in- 
dustries in India involving the chlorination 
of organi(‘ compounds. 

Ill India, till very recently the reaction 
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iK'lvvccn salt and sulphnrio arid yielding sail 
take and liydrothloric acid has Ijceii llu- 
only method in vogue for producing hydro- 
chloric acid. The production of hydrocldoric 
acid developed as an auxiliary industry, 
as soon as the inanufacturc ofsul|)hui ic acid 
became established in India. It is only 
during the last five years that the manu- 
facture of the acid by the direct condnna- 
tion of hydrogen and chlorine has been 
undertaken by .Messrs. Tata (Iheniicals and 
The Nfeltur Clhemical and Industrial Clorpn. 
bid. This process is of special signilicaiice 
to India on account of her deficiency in sul- 
phur resources, and also ofli-rs an outh'l 
for by-jnoducl chlorine produced during 
alkali manufacture. 

SAl.f A.ND SL l.l'ULRlC .ACM) RROCl.SS 

A charge con.si.sting ofconnnon salt and 
sulphuric acid (Go-G(>"lle'.) in quantities 
suliicient to convert half the salt taken 
into acid sulphate, is heated to about I'^o" 
in a cast iron retort. The hydrogen chloride 
evolved is cooled by means of a stream of 
water running oxer stoneware or silica 
coolers and pa.ss«-d through filters of stone- 
ware towers packed with fine coke, in order 
to remove sulphuric acid present iti the 
form of mist. The gas is then absorbetl in 
an absorbing system made of fused silica or 
.special stoneware, through which a current 
of water flows counter-current to the gas. 
S-bends and tourills are also being us<-d 
for gas absorption. 

Sodium bisulphate |jroducetl in the retort 
is made to react with an equivalent quantity 
of .salt and roasted at about fj.p)" in a muflle 
furnace, when a further equal (juantity of 
hydrogen chloride is liberated and absorbed 
as before. In actual practice, depending 
on the type of e(|ui))rnent emj)loyed, the 
first and second stages of the abtwe reaction 
may be carried out in the same vessel or in 
two successive reaction chambers. 'J’hc 
acid ])roduced by this method contains 
impurities, such as arsenic, iron and 
sulphuric acid carried oxer from the raw 
materials. 


The salt cake left oxer at the end of he 
second rea« lion may be worked u|) 
yield Glauber’s salt. 

.Mthough theorutically it should be pos- 
.siblc to bring about the complete coiiM'ision 
of sodium bisniphate to sodium sulphati-, 
in practice, a certain amount is always 
lelt oxer unrcactcd in the final discharge 
mass. This obviously lowers the elliciein \ 
ol the process with respec I to sulphuric a( id. 
.Also, in the case of some ol tin* older types of 
furnaces in xogne in India, due to lack of 
nece.s.sary mixing iacilili(‘.s, it is iif)t uncom- 
mon to find unrcactcd salt in one part of 
the iiirnaie, and sodium bisidphate in 
another. 

The pii'senl < ()n.snm|)tion of hydr«u liloric 
acid in India is about -'.^oo t»)ns of com- 
mercial acid per :mnum, and xery little 
«)f the aciil is imported. 'I’lie consumption 
of acid is likey to increase if it is more 
extensixely iisetl for pickling ste<'l used 
in galvani/ing and for tin-plate produc- 
tion. 

PRODlCnOX OI- HVDROCIII.ORIC .XCIl) 
IN I.NDIA 
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The a|)pro\imate pre-War cost of pro- 
duction in factories attached to sniphnric 
aciil works was Ks. i7j-i<io per ton. During 
the War, this had risen to Rs. 

During the quiiupienninm eiuling 
the aviaage aimnal imports of hydroeliloric 
acid were 7','j cwt., val cd at Rs. 17,1 jj. 
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Hydrofluoric Acid 

Hydrolluonc acid is an ac[ucous solution 
of hydro^cMi lluoridc and technical grades 
usually contain 30-50 cent. HF. The 
acid is prepared b\ distilling calcium fluoride 
with ()o per cent, sulphuric acid in a plati- 
num or lead retort, and dissolving the gas 
in water. 

Hydroiluoric acid attacks glass and is 
preserved in bottles coated on tlie inside 
with wax, or in lK)ttles made of gutta- 
percha. 'V\n: ac id is highly corrosixe, and 
considerable care is necessary in its pre- 
paration and handling. 

Hydroiluoric acid is usc'd for elc'hing 
glass, for preparing frosted glassware, and 
Ibr etching and engrax'ing glass apparatus. 

1 lydrc^duoric acid dissolves silica and 
is used in the nianuraclun* of asliless filter 
paper. 

Nitric Acid 

Among the mineral acids extensi\H*ly 
used in the ehemieal industry, nitric acid 
is second only to sul|jhuric. acid in value 
and in diversity of uses. The pure acid is a 
colourless, hygroscopic, strongly fuming, 
corrosive rK[uid. Clommercial acid, however, 

coloured yelloxN due to the pn'senec of 
(lissolx'ed oxides of nitrogen. ('heinieally 
j)ure ax id can be j)rodi!eed b\ distilling corn- 
men ial grades, and the distillate, rendered 
colourless by blowing air through it. Tin* 
constant l)()iling mixtiin' ; b. |)., 120. 5” 

ylio rnm.i « <>nlains II.\()^, (ifl per (a*nt. 

.Although acids of xaryiiig strenglfi are 
markcHed, 70 per ecjit. nitric acid is the 
most common strength, f uming nitric acid 
' sp.gr., 1.4}!) contains up to lUi per cent, 
nitric acid, while commercial ‘ Aqua-fortis '' 
(»f 41.5' He', contains l)5.r)7 per cent, nitric 
acid. \VhiV* ‘ Acpja-fortis ’ may be used for 
th(^ pieparalion of nitrates, and in certain 
( lu inieal redactions, acid of strength abox'<‘ 
()0 p( r ( (’III. is ircpiired for the mamifictun’ 
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of iiitroglyccrinr, nitrocellulose, T.N. T, 
and various organic preparations. B. P. acid 
I sp. gr., 1 .42) contains, HNO„ 69 per cent. 

Nitric acid is one of the most corrosi\e 
acids, and nttacks most of the common 
materials, and hence great care must be 
taken in its transport. The common types 
of containers used have been glass i arl)oys 
and earthenware jars. Special precautions 
have to be taken in tlnr packing of such con- 
tainers in wooden cases. 

Nitric acid free from sulpluiric acid dt)cs 
not attack pure ahiminiiim. Tanks and 
drums of this metal arc now being used for 
storing and transporting cold cone. acid. 
But the resistance of commercial ahuniniiun 
containers is st)m(‘timcs uncertain. 

Th(“ largest use for nitric acid is in the 
maiuifaetnre of nitro-glyceiine, gun-cotton, 
trinitro-toliicne, picric acid, niei'ciiry fulmin- 
ate, slyphnic acid and several nitro-bo<lies 
which constitute the basis of the explosives 
industry. The acid is also used in the 
munulaetiire of dyestuff intermediates. It 
finds application in analytical work, in the 
refilling of metal.s, purtieiilarly .silver and 
gold, and in the manufacture of inorganic 
nitrates, such as silver nitrate, lead nitrate, 
eop|)er nitrate, etc. .Ammonium nitrate, 
which is an ingredient of the high e.xplosive 
amatol, has reecnth" received rnneh wider 
application as a fertilizer. 

'riie strong acid has a powerful caustic 
action and lonns a convenient means of 
removing warts, but it should be used with 
caution. Burns from nitric acid should be 
treated immediately with sodium carbonate, 
siibscf|uently with oil applied on lint, and 
covered with cotton. The dil. acid ' lo 
per cent.) is a lonii’ and biliary stimulant. 

Fhe manufaetiue of nitric acid in India, 
till \ery recently, was being carried out 
alnni-st entirely by the a< tioii of sulphurie 
acid on sodium nitrate. Most industrial 
establishment.'- engaged in sulphuric arid 
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miiiiufacture prodiu'c acid as an 

auxiliary product. 'I he dcinarul for iiiiric 
acid, particularly of the hitjher strengths, 
increased considerably during the \Var, 
and moilern ])lanl.s for the priiducticni of 
this acid by the catalytic oxidation of 
anunonia have been installed as subsidiary 
units in e.vplo.sives factories. 

The raw materials for the inamifacture 
of nitric acid by this process are sodium 
nitrate ; imported), and sulphuric acitl. 
Dilliculties of import during war years led 
to the substitutifni of sodium nitrate by 
indigenous potassium nitrate with increase 
in cost. The use of the latter during normal 
times in .spite of its availabilitv in India is 
uneconomical. Iti the retort proces.i, cone, 
sulphuric :icid in C|uantity suilicient to 
form acid suljrhate is added to .sodium 
t>itratc ill a cast-iron retort, connected to a 
water-cooled condensing system and an 
absorption train or towi-r for the absorp- 
tion of residual unconden.sed vapours. Tlur 
cast-irou retort is mounted over a coal- 
lired furnace and heated to a temperature 
not exceeding 200". It is desirable to 
maintain as low a temperature as possibh’, 
because of the ease with which nitric aeiil 
is decomposed by heat. The acid sulphate 
produced is liquid when hot, and is run out 
at the end of the charge and allowed to 
solidify nitre cake ’) in shallow trays of 
mild steel or ciust-iron. Vapours of nitric- 
acid which di.stil oil’ are conden.sed, or are 
absorbed in the absorption system. The 
process yields cone, acid \ arying in strength 
from 70 to <)() per cent, and recover)- is 
^>f)-qo per cent. 

In the eataletic proce.ss, a mixture of air 
and ammonia containing ll.'j-q per cent, 
ammonia is passed over a platinum catahst 
in a ermverter, maintained at a tempera- 
ture of PiOO'’-8f)()'’. The oxidation of am- 
monia to nitric oxide is exothermic and 
produces sulKcient heat to maintain the 
converter at the optimum (emperatun- and 
also to pre-heat the air required to ;?oo', 
in the preliminary heat exihangers. The 


gases leaving the converter (onsist of nitrii- 
oxide, water \apour, nitrogen and excess 
oxygen and are (-ooled to .’o'-ijo". .Niirogen 
peroxide formed at this low- tempi-raluri- is 
finally transformed to nitric at id in ab'Oip- 
tion tanks by a series ol su(-(-<'ssi\e n'at-tioiis. 
The acid produced has a (-oiicentralioii of 
about ■)() per i-ent. and i-on\-«*rsion cllicienc\ 
of a lo-lon jdant operating in India is said 
to be about My-qo prr (-cut. 

Oxidation of ammonia may also la- cairitd 
out under pressure 100 lb. pi-r .s(|. in. 
with smaller (piantitii-s of catalyst about 
one-filthi. Tin' aiid produced is also of 
higher strength (io per (-enl. . Its ( ooceii- 
tration can be raised to Oo-p", per cent, 
by distilling it with strong .suljilnirii- at id. 

Indigenous production of nitric aiid is 
larried out on a small scale at se\cral 
jilaces in the vicinity ol i-onsuming i eiuit-s. 

PRODI CI ION Of NffRIC .VCll) IN INDl.y 
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Oivilian reipiireinents in India are about 
7(10 tons of (if, per cent, ai irl. War l)e- 
paitmeiit demands are met by Ordnance 
Factories at Kirkee and Aruvankadtt, which 
u.se ammonia oxidation proc-ess. laxal 
supply is nearly equal to the demand, which 
till recently was in all i;^oo tons Rtp. 
Heavy ( '.hem. and !-.lectio-( '.hem. Iiidustr. 
Panels, '.»().. 

During the (piimpn- ending 

the a\-erage annual jorts of nitii<- ai id 



THE WEALTH OF INDIA 


amounted to 2,866 cwt., valued at Rs. 
.{6,762. Ciermany and Norway were the 
eiiief suppliers. 

During ihe pre-war |)eriod, (iovernment 
Mints were the largest civilian consumers 
of nitric acid. Fhe rest of the demand was 
confined to a number of miscellaneous 
trades, particularly silver and gold refineries. 
TJie development ol' new industries, such as 
the inanutUelure of dye-slutVs, nitro-cellulose 
lac(|uers, ammonium nitrate fertilizer and 
cixilian e\|)losi\es, will lead to an increase 
in the demand for this acid. 

Phosphoric Acid 

Anhydrous phos|)h()iic acid can be ob- 
tained ill colourless prismatic crystals, melt- 
ing at 12.;;“. ComnK rt'ial grades generally 
(oniaiii 1 1 .POj.jO-po ]^er cent. In con- 
centrations of aboxt* <)", \H'i cent., the aritl 
has a syru|)y consisliMicy. It is a strong non- 
\olatile, ti ibasic acid, colourless when pure, 
and is miscible' with water in all propor- 
tions. When heated, at about 250“, it de- 
composes yielding [lyroiihosjihoric acid 
(IljP.O./j, and on liiither heating, meta- 
])hosphoric acid (UPO./', also called glacial 
phos])horic a('i(l. Strong jjhosphoric acid is 
highly ('orrosixc'. 

Phosphoric acid and its salts arc ext<*n- 
si\('ly used in industrx' Killefer, Induslr, 

( Ikih., 30, Phe acid is 

mainly used I'oi lhe maiiulacture f)f fertilizers 
; triple su|)crphosphatc and anunonium jdios- 
phat(*) and phosphates, and as a substitute 
for c itric acid and tartaric acid in the manu- 
facture of soft drinks. 'I’he acid is also 
widely usc'd for jiickling and dust-proofing 
iron, and in cleaning machinery. 

Several sodium salts of phosphoric ac id 
cemtaining varying amennus of acivl are 
used as water softeners, anti-corrosive agents 
and (Ic'tc'rgents. Indian Railways haxc 
startc'd the trc*atmenl cW* boiler-fcrd 
water with trisodium phosphate .Na^PO,. 

1 2I I ,() ; , and sodium he\am(‘taphos])hale 
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(NaPO,),;. Disoclium phosphate (Na^HPO,. 
12H,.0) is used in fire-proofing wood and 
paper, in ceramic glazes and as a prcscr- 
\'ative for ehcese. Monosodium phosphate 
(NaII,P 0 ,.H, 0 ) and acid calcium phos- 
phate (CaH^(P 0 J..II, 0 ) arc extensively 
used in baking powders. 

Acid of medicinal grade should be free 
from arsenic and lead. The pure acid is 
list'd in a very dilute form as a gastric 
stimulant, and to cpiench thirst. Di- and 
monosodinm phosphates are also medicinal. 
Disodium jihosphatc! is a mild aperient, 
antacid and diuretic. It is also used as a 
saline c'athartic. ('alcium phosphate .H. 
P.) consists chiefly of a mixture of di- and 
tribasic calcium i)hosphates, with some' mo- 
nobasic acid calcium phosphate. It is in- 
soluble in water, but dissolve's indil. iiiinc'ral 
acids. It is iistl’ul as an antacid and is 
givc'u in gc'iu'ral debility, rickets, etc. (-al- 
cium glNcero|)hos])hale and hypopl)os|)hilc' 
form ingrc'dic Ills of several tonics. 

MANL FAC'i rRE 

In the wet method for the preparatiem 
of phos})horic acid, finely divided t aleiuni 
phosphate (from beme ash or phosphate* 
roeksj is trcalc^d with dil. sulphuric acid 
in lead-lined stcam-jaeketed pans, (lalcium 
sulphate formed is filtered and the dil. 
scjiulion of phosphoric acid is concentrated 
up to 80-85 per cent, in pans, fitted with 
steam coils of lead. It is dc*c*olorized h\ 
activated c harcoal, and filtciTd. 'The ac id 
thus pre[>ared is likely to contain conihincd 
arsenic, lead, iron, and also fluorine, wlien 
mineral phosphate's are employed. 

The' ccmccnlration of phosphoric acid 
prc'sents peculiar jirohlcms owing to the 
highly corrosive nature of the strong acid. 
It is purified in lead-Vmed pans by treating 
with a slight excess of sulphuric acid to 
prc'< i])itatc calcium as sulphate. 'Fhis forms 
a dense scales of lead sulphate whic’h pro- 
tects lead from further attack. If fluorine 
is preset* I, powdered silica is added to 
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oonibiiii' hvilh!'l>y(lKf)tt»M)ri4-:Kari(U;} -fj;« ad- 
iTMdvc(iruhx:arst^k','.dtci4[j>ydcnj^(‘ni9ijilpbidit; 
isi>fal()wni;:iu-khp{ij;> thrV/aciA lb rSKhir.itxxli 
(Badger and Baker, A3.f).. J -xii hiii; Jihr.iii;;) 


Phosphoric acid is alscfoiailunu&uilifliuE 
from phospliorus prepared in the blast fnr- 
nigipn.i!FiLiluearu<od;^)ho;^l^'d i»v.k oirbdqtMiiDih 
is^.ifntNkoInvTlH'tarbunitgrtninid) coke^ji nvidb' 
ibt(>nbricj|bEbi«S(dn(kflinatcd-aptdn| sdida; id-'ii> 
bldstrdiirhnce.. >)iiiUfku.^diHpkiG(’S iplMspUornfi 
lienlbNideMl'niin ceinilTtnntiwbnJiaiuxl thniukjdc: 
b.Trd/uhf)di'iln>nrurbnii>tn(.jlli«'id(Hneiil.. ioi tii / 
■)i1j fun; /(O'joKj fjdinKii j :tiii ; 

->l)ix61ii, d?0v|hi|r' 3^1651.. njjjCaSiO.pkjPiO’jfu; ) 

Inn; •>l.nifn A 

iKiil ‘xb nT .Iibi; jiiuil<jln<- itnol oi 
nf'il(lpbi<\7qiibizrs > diln^ifisuiiiitjiDmigl'k'iiiriidiiHH 
ddiiisatii)nb|iiJ:in,bliiy.ntnTlcDiiiqliii’blLaiin'ti)iliotb 
plibr3b, qri ihuKcb'^iQtibHxirnlhi^sfirMnql IstHitnett 
apdidtlut bhsildinitxioxicliiiai;.nh> fiitf^dioruii 
pimloxndlelifirifiliih, 'idfl' h}iiilf}iflliins> yibldaotjM 
jtmr 'lacniitidphoHphorfK' u(li(iniM/H.v/ji'jiif.’//bihv 
ii(^(), uiispIrkfa^up'tTheloplnal'f ^impHitity“i' 4 i) 
ab«n»&i whickK|iS'>jrt»novc4li tbyii-intquihryof] 
kydqtif^iri sulpbido;j i rcodHcdry -isohjboMlti 
90 Ificnlooniu i ^bn-JHKmtiqrctui'sptbelelcfftriaal 
iiilTmcaibas'iJpecn. dis|ala( 7 Hg>'-ll*ei(|jlitet-<.fnivi 
nairiio') Lir)wigiiajlni<phns{D^tp rdrkv betdiMfur 
oil ; the! l}d 1 ilKCirrt vbleauait' 1 (oxuloimnd .^ikboii 
dioxide balance for slag formation, is btnh 
tered, mixed with coke and sand, and heat- 
9 .SI 1 AW is 

ib^’yifF^wrt 

« W'lHHvMwrt -API Pm 
pjws * . VP(aV* 


kvi ■ .// II./.. 

IW. ,<!bi;u. '.iiliii hfo; liiolilioibvil 

prf'paiation ol pliospnates. Disodiiini phos- 

i;9qj*:sitq ^4V"Uny/i9frf«W''P)M'‘i 1 


t i'bad i Ur^ti' plMMphat eJ i Ixbi 1 neUira lixiiiigi. louhiti 
(xiUmid.’/Sawl/iJO'' WhenaniiHi«i)b>diidti 
|)h a io i Jui id/i dbbi bum ‘joliiln'l 1 ro^ri I >| i)y»<q>hos*; 
phalu aii.(avM;i^(>.‘t>barxi.’.hewtml, .ihojqdofk; 
watfn", meiittt a«#I iirevli®hvert)rxk)an<j) .HexuK 
inetaphosphale. On rapidly coolinu the 
melt, he\ametapli!(i)i^4hblM*< lihlhlained in I he* 
linin of a Iraiisparent glass ^liidustr. (.'In 111 ., 
-iij' ‘^ 7 1 " ^'AfUl cHl(*irtni':pl'»(^|jhia'|l('i is 

pi'i'-pWred ^Adl'Wiss»>lvi‘n^l''Yli- 'd)|- lri-r!iUii>n(n' 
pBlyspbaiC’S‘4n.pbod|jh<)|rii'lai;id atnl aljbvx iiig 
i+te^lsohukMrJMn'KttpwlAijpi^MvnknihnsW.i 
llMs- siMtibl^<iii#iui1«>ibc»ili'n)i| vjtl/\ ..;iru>il<.; 
//.i.tJ I. .i ll ..liilijom b.‘)loo> •n)x.,v ni 
•*lfl»ljp.. ^W<!je»i >n<liidhlnw W(plilvln<yi>iiisi'ilof 

r'>1 ) 4 1 dt»f>Ml'od t»f lialWJl Wiirmtli iWi j h; |?1< w 

iMMtkXtiAyMi a lub tlns 

Tiirtl^'Btf.niRqp. d^hii^Kiiiii s.;urd Pbikhply^tk.) 

i'll Idl 

fotfi/iMcYW^irt'i .of*f)«o ««iwwwyj<>i>'J»lid MnwkV 
1^1 id jdWI < bi w^t» 1 1 iniisJftttl dflid i h n d 1 t»lkwt< fiwij 
td^b‘);jtkjil|i»J>s|Yy(?#te>»;i eKi liidiW|lif(Wt>li^(»VAti ni 
V.iii'iM|:>i(| lol l.iii. xiHiKioipUn ni Iryfolipri-. 

''bi‘;d'Md|;!,bdwni)d>lBS^fn>'^ 27 -aBpA<'y«»»!ki 
niiaramsi Morarjee filieiniea! ()o., Affllni>|d 
nath, produced about ib Ions of phos- 
pluVl'ie Acid'- peij. ttniumv," WMhfgfxbpni^'^iHh. 
TTiWv'' piaiipni^jwydfpiysiiljtpn'plriclIimMiniiid 
tiWS pf/acid'/pH^iRnmim t[ilmdi»]ii PiiriirihBdjt, 
Ksic|WMn(H^aV\ '!(lhdti(Koi|i|dYWliH»,/ ^ 

tVniiteiii'PAirlflMJin tw)v)t/.*)nrii}g 
V'i’«>''J‘3C)U.dfp i4iiboB(ulvi(ilh«tbiwds>,i BiinibiiKq 
rr»Y-*iii'iJr:)gtfl bylflie .SniprfliKijlkqp/yidbrnifliiv/ 
Winldivo .wibw-okitHe wirtiiin)if:j| iMUloijq 
trtiiK Vii 5'fsJ«fll.sti 'irW'siql;feiA\Uyven,iinvte>lihly 
.sdiiableo' Hir UechVifreain<y|itii')HKa)rs(i brixitisti 
t hie* •liiTtV' 'iijHtk >«*►« IbRtvi'.bifhdbtttiiefiut^ment 
fo)V :ubdiii Ho fmr, iiii ifiniial 

onlv bone-a.'h has been used as raw male-. 
1 'thf* ijyiiydAWiBWIWIifyh/il^JhhrtV’^'MAll. 

.| .‘1 Oin.^ Ilf :mfl •? ■} funs nf siilpliiirif 

aejd arc required for the prodnrtion ol 1 
IWbiipl |>hosy)tinric a. id 'Parill B<l., Rep., 
P'I7 

■The faritf-Bil. inul that the ixitciftKir 

I'I'veiiin dilki^s' ;^o per cent'. 'I>'ii ! tiifilrl "JtiHS 

'■if) ixT ei’A’i.. on salt iid i'/itiin w . afi/.f^d. 

n. i,- . . , . '>i.-,-.L, 

i< lent protection to the mamihu iii’'' ol 
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])li6sphoric acid and its sud>utn salts, and 
stit>gcsl that they may he eoii\eited into 
protective duties. I ii t lie ease of acid calcium 
pliospluite, however, they lecomniend a 
.speiific protective duty of Rs. '{4 jier cwt. 

t'HOSI'HORlS 

Phosphorus oeeiirs in allotropie niodi- 
(ieaiioij.s. 7 'he white or yellow variety 
il, ni. p., 41.4" ; h. p., 287*} is ob- 

tained first durin.it; the manufacture of phos- 
|)horus. After purifiealion, it is cast into 
slicks in water-cooled moulds. It is a wa.\y 
solid insoluble in water, but readily soluble 
in earbun disulphide. It separates out in 
cry.stalline form when the .solvent is eva|K>- 
rated. It is highly inflammable, and when 
exposed to air, it ignites spontaneously. 
It is therefore always stored under water. 
Owing to its poistuious miture, its u.sc in the 
preparation of matches is now prohibited 
in most countries. It is now principally 
employed in rat-poi.sons an<l for preparing 
phosphorus 1 compounds and phosphor- 

i)roM/o. 

Red phosphiiriis ; m. p., 7i>3“) 

is formed when 'yellow phosphorus is heated 
at 'J40" in an inert atmo.sphere. .Any un- 
changed yellow phosphorus is removed by 
grinding the material under wafer ainl 
treating it with caustic .soda, which reacts 
with yellow phos|)horus only. Red (ihos- 
phorus is chemically less . active and is 
stable to air and light. When heatcil in air, 
it takes lire at about !.>(>o". It is iirsoluble 
in carbon di.sulphide and is non-|H)i.sonou.s. 
Its . main use is in the match indu.slry. 

IMI'ORT (.)K IM10.SIMI0RUS INl'O INDIA 
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nearly 80 per cent, of the im- 
ports were from the U. K. and in the 
later years of the War, supplies came from 
Canada and the U. S. X. 

Sulphuric Acid 

Sulphuric acid has b<;cn known in I'inrope 
since the X4(h century. The alchcnii.st 
(ieber first prepared it by the distillation of 
green vitriol (ferrous sulphate) and similar 
sulphates, and hence its name ‘ oil of 
vilrior. It is now produced mainly by two 
processes : the chamber process anxl the 
contact jjrocess. In both sulphur rlioxidir 
is mafic to combine with oxygen and water 
to form sulphuric, acid. In the first process, 
oxides of nitrogen are used to oxidise sulphur 
dioxide to sulphur trioxide, and in the 
.sfxond process the surface activity of dif- 
ferent types of catalysts is utiliiscd to bring 
about the oxidation. The demand for eonc. 
acid and oleum for the manufacture of 
dyesiufls was largely responsible for the 
dm elopment of the contact process towards 
the close of the ipth century. Competi- 
tion has led to improvements in technique 
in both inoccs.ses, and at present each 
worked under proper conditions is contri- 
buting to meet various demamls for the 
acid. 

'I’he first sulphuric achl plant in India 
was erected by' Messrs. D. Waldie & Co. on 
the banks of the Hooghly, in 1890. This 
was followed by Messrs. Bengal Chemical 
ami Pharmaceutical Works at Calcutta 
(*9”.'))> Pafty & Co. at Ranipet (1904) 
and the Kastern Chemicals Ltd. at Bombay 
(1913). These units started sulphuric acid 
jnoduclion mainly for manufacturing in 
their own works, heavy chemicals, such as 
hydrochloric and nitric acids, green coji- 
peras, ep.som .salt, aluminium sulphate, etc. 

The industry made considerable progress 
after World War I, and more factories came 
into existence. Messi*s. nharam.si Morarji 
Chemical Co. .started their factory at 
Ambcrnath near Bombay' in 1922. New 
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plants sprang up in (he vicinity of i*oal 
fields to supply acid for the manufacture of 
ammonium sulphate from by-product am- 
monia. 

In India, sulphuric, acid was manufac- 
tured only by tlic chamber process till '35, 
when Messrs, 'lata Iron & Steel Works 
establi.shed a contact plant at Jamshedpur. 
Thereafter, Messrs. Assam Oil Co., Digboi, 
Bengal (Ihemical and Pharmaceutical 
Works, Mysore ("hemicals and Fertilisers, 
Belagola, and Sonawala Industries, Kalyan 
'Bombay), followed suit. 'These (le\dop- 
ments enabled India to produce her vc- 
(|uircments of cone, acid for the manufac - 
ture of explosives during the last War. 

RAW .NIA'I KRIAI.S 

Sulphur, iron pyrites, smeller gas and 
other waste gases containing sulphur dioxide, 
waste products of some industries, and 
gypsum are the principal sources IVom 
.which sulphuric acid is manulactured. In 
’40, America produced fib per cent, of her 
acid from sulphur, 22 per cent. IVom 
pyrites, and ii percent, from waste gases 
IVom zinc and copper smelters, and the 
rest from hydrogen stdphide from oil re- 
fineries. 'The u.se of sulphur has become 
almost universal for the operation of contact 
])Iants. 

India has no significant deposits of sul- 
phur or pyrites. The meagre deposits at 
Koh-i-Sultan (Baluchistan) were exploited 
during the last War, when imports became 
difficult. Unrefined ore from Baluchistan, 
containing a low' percentage of sulphur, 
chokes up the cliambers and towers by fine* 
dust and necessitates frequent repairs to 
plants. The arsenical impurity present in 
the ore renders the acid unfit for accumu- 
lators and for the manufacture of food 
j)roducts. The small deposits of |)\ rites in 
Bihar and near Simla occur iii (ornpara- 
tively inaccessible places. 

Since the development of the gypsum 


process for the inauuracture of sulphuric 
acid from anhydrite (laSOj) in Uermany 
and the U. K., the large Indian oci ur- 
rences of gypsum iq. v.) in the Punjab, 
Jodhpur, Bikaner and Trichinopfily are like- 
ly to form the raw^ material for the proihu - 
tion of the acid in India in the future. 'The' 
chief* difficulty will be the transport of raw 
material over long distances to ceutns of 
acid production. But this may be overcome 
by producing stilphur from gypsum and 
trausiMirtiug it. .Anliydrite is also found in 
Rajputaua and the Punjab. 

.\moug ihr* other po.ssible souic(’s ul sul- 
phiir dioxide may be mentioned- the w.isir 
gases from the copper smelters in Mau- 
bhander in Bihar. These are estimateif to 
yield per day the ef|uivale.nt of* *20 toiKs of 
100 per cent, acid (l)mm, (ftnl. Surr, 

Imlia^ iq-Kh 76 j Kaw, Mf). n, 

57). 'Tliese gases havt' not been made use 
of even during the last War when then* was 
acute shortage of sulpluir. According to 
Robson Indian 'Tariff Bd. Rep. Heavy 
Uliem. Industry, H)30, II, Oral I'A'idem 
370:, copper pyrites in the ore, l)eiause 
of its low fusion point melts and clogs the 
furnace*, when the ore is roast(*d for the* 
production of SO^.. The propos(*d sim*lling 
of zinc c oncentrates t f)->,ooo tons] at Jam- 
sh<*d|)ur is expected to yield suflicieni sul- 
|)hur dioxide to produce* .|•2,ooo tons of 
sulphuric acid. Further, it should be 
possible to recover the* acid from spent 
acids, from some* iiidusiries such as the* 
pickling of mt‘tals. Scvc'ral varieties of 
Indian coals ha\c a high sulphur ce)iiie*nt, 
and a satisfac tory mc*thc)cl for its 1 c‘c e>\-e*ry 
will be of grc*at c*cone)mii value* ie» tin* 
country. 

India has l)cc-u depending soIcK em 
im|)e>rl('d sulphur le)r suiphuri** ac id ini.nii- 
facluie. Me»s( of he-r rc-quirc*juc‘iits were* 
l)rc\iously e>blaiuc*d either from SieiK ni 
iVc^ni Japan, but latel\ Amc-iican sulphur 
is ccjiiiiiig ill larger c|uaulilic’s. The* clutv- 
frc'c! price ol* sulphur was abcjut Rs. qe)- 
100 per ton before* the* War, and wc*ut up 


*9 
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i#htH^'li)i'r)‘l(>p««it|}|iilduni[nt; iJii- UVluvaDjilndis 

•it . . ^>ii.'JJin|iiioii)iiof 

-h'iiV^Vtr. I '^(«Nf()ri W^wJ’ atiifKil iH\v-< laji^dn/wj; 

ia1 l(;h:>tBfn v/t;i -hIi finol il vl 
■iilT riiiliit ‘irll III i;ib(il iti bijt: nit )<> iioii 
od lbd|))dnr-vHiltiiSnWT^ 
inuMm^idaiti ohitHiliot'i>f|UatitR ilraquird Bsodnini 
iuM'^t^votbd fcn)Rttrii|)ilaili .nbixvlilnhitiil^i^^q. 
IpW twnif[yrtf thoikvoa^lniif siilpl^ii^iirni. 
.;n(i«iii{>HMix|jreti ijrititifiiiDd atti 
fi'oin Ctiiic. AUlinirglfli'adirtiliultrvokipniaiH.s 
in rhumber plant dcsi^iii and operation 
haA'diobvitttcid tihhaasq ofisbdiuiii nitrat/* by 
ilktivodutinl^t'i'icatalytit^iiiiminainib'^'oiiulutibp 
-kwitAfori ane^iiigitlie incfipfrcnfaiits' nf inakc- 
• tip!*<iKAdtN;'tDl'>iiitTOgtlii, irairjitliiiti iniilndtli 
'-.hatiiitio ^fttr litakcrii:aU»(«nt>^' \^) tibq tdniir. 

.nifratiitii(ii(^' Ifiliuctfi^'iiirio! m«i\' 
,btr n$>i/l u?jw'it!tlih.ttiVjite.^&\':^bj[r.|i(nia imbefti' 

•linriHfjnitilwirJWiiiaih, r<J«i( b-j'dJt 
/IfiVtvt i MilpiM’Uid/ rad'tfimdiiHritaaJ'iliiis'iaUvaKx 
b<‘(^iiit)lti'l))/'Jieapuil(:(irJ<e'l|orc»^’ln(>fb'iccii|»tr 
tWjMi .<lt)diuni>tiiiiit^'r\vnsiiAi.! f*txdix>l, 
.d«tife!^^'ln^ll;Vfil , , Hls,o|Q(»- 4 ^?i.ibnfl .istaidvX- 
HitacjjBoi^ li’. xDi. n >Ci>n|qiitla(.iqo > . .o^}^ 
lib i-yo! I bin; I'.lhni tiiioij iioiy.id a/o( li lo 
iiltl'iAQi buiubtu't >>prouirss)iissirniMf>loyuili:iin 
udMbr.^iJKdnhiliniinoiitahqt 

-kWl;(;lll^^rtall^»la>lWlE^(it■ry■)J^i^^4l:dia^»Innccl'^«K 
fotUci;l>9l bitil );>qliit«Hir«lt<f!iirutn 
'! Atotft’ifanodwaps iHitt<.>Tq(| uiiesljeRpUKciufinjt 
•wliWjhldrtiigSnttTMUsirl .bin; limiUjIio 
iiiKi:' moil lii>i: idt rr/olm oi ildiiwiKj 
•lilt I' Afi'il|'4i'ilWft<«aHRli#t iW»bV‘' .';bi:>i; 



tlic po 

in 'll I'lji 1./^ iiinmio »•! 
jcen deveiopetl at cording to 

material employed 

mecliawical 


In the 


,.m .. 
the raw 

Mini':'. 

ca«e ol jivrites. 


lechawical byrneis. of special design ,are 
...sod 'li'i'r. lun\i'i.s ‘pr,i fines',' wlijlej tin; s'lifp'liuv, 

• *> /inr' niof] : Hni'» >• / • -v! 

/mb nil .>;)itcmiaip rjpo.l ni /i 

X i( iC 'hHmlMubpluJtls onrlt^nd i at' luwtciqo' vftir 
(^vpinlatwd llJaetiiMrWesuh.inidlptltotidia'in^sooof 


iOaitrbttd ftMtnaceSj'jdtfliiilic qiiitgntr^inttsnolrp 
tetlwppiKlijiiKililroivnriidid)!; ^qiiiioDi'/idiitiill 
amtchtuubniqhid'ncvid IminUfbiMiioatjeUiiinnrniil' 
chamber plant burners, the requisite aoioant 
of sulphur is charged on to the ilat-bed and 
■iiiUtiWoditoiihunkbiia duDrinfltior aiii)dilnvuA in 
.j^{q)il}|^i;{«iu.tialfla'j{iaTiisI landi ndistlng Inafli- 
■diBtMi tb)‘f}d)dfli;ma)'itficlB.tgiis witit'dAirnliil'm 
QQqlpoiititHl of; ciboild] iioipanToti6‘SQ|d r.nci 
■ iodniCl ..ol) liO .ni:'<;‘>l/. ,i irtjiOTj.l’I 

b; )iFmt$i4e^pi&es tiiroiighisotdiHff^clitajifibnik 
.tHUililetttiits ItJic (filoiteriduWonpiaiMr ^utlinW- 
. I itvtt: m tb lioxiiolbn hk btiimigiKi , i .guncc^dl'b^ 
-thfl’i'AflUon^idf suli^tuiiiio //aididl orri.dadiilibn 
-nttratol i lrtiotihiCiiitotMixil ib')! t;oarK;si.nnito 
-tntjwoiiliir! -obntHutt iiwnth >181 nihiKad-irstteapi 
of chattibbs^-at^idi iaindi initirtHts/ iintiqo] 1 tkricklinig 
dow'n in the form of a fine spray, and cone, 
and dc-nilratWH>Kt:ld tb fit" Be'.) is 

drawn oirironi below the Glo\;er tower, 
imi. i:iil)iii.< .'.lin/ij mni ,u.iilt{lii^ 

. >1 1'lPhttl^gttK^q Iwtfipiffgiidt it>' > tlSi^ 'ftVfy Afdhb 
llwiwer,* j&tJftigl W« h'WfPaini'^^ W,‘ttt'e 

«Brdessivel^;>pa!litt»<hi|lwi)ugliiJ ih'% .tVrtiti!| /df 
Wad.bhartt'bdfttiiiiA spWy'tiPkMA^ilitir 

aiw»irbdi«cri' iraq fltt ^c^h'A^i^lW(!'rs.^flOiX l^b»- 
ti«tK>i«#^fti#noftrcli!<tt{t)Wtakt‘s!j# 4 tt'^ 7 <Sfdtl- 
•irig ihi rhe.foPAlfJtflOi i ktlltpi >at;IW bl' jiuft jl. 
-tvhihh ifinfo])])dtfft!RiMin belotiil/thb < 4 tAlhU<*W. 
: 5 Dhe<««it'gsisf«JlHi»v thp c^Wnt^Vs, cCtttiiiHl- 
StlgnioxMegottf 

Gay-Lussac towers where they con 5 ^<<hlft) 
contact with the cold (ilover acid lo 
-4»>')'iwltkih><4*lso/b.s;til<eBftiit(!)VA|d^^^ 
JwaBtt»:ogdies >if|lHWj|M trtltf of.^^^^i^^^a’^oLtt^ts({^ 
bt>tv*ki/oort.i(»v prt>Wfiiiiilyli^' 
sttTOrKliirfKjftiitli iffttb^s- iofi'^sftflp^ttft dSiWtkJp 
.««<feid)xiHe‘i rfff'thiWOg^t.S'it'ifFlifc 
,.qlK!ifa^' bI-> itpiitfitgligitllc /plio|tortldH'dri*‘tlrt 
•offlcijjlitIy»«pei'lat«tl/pHi!fff,';d i ni.i ([u .'-jyloil i 
• it iiiijaj n iirmp nl ;>.)li;tiw) .‘•)ii bm, 

•li 'inte >kpdui 4 «tHHeh^Wi»yi:b;ed;ff- tltinfilti- 
<fOfliteolnoi»'>b)|hitht !wmetddoOlifW‘‘ ty|Mii'* til* 
ftn-iticK’ vvhw’h'ihwdess >dflicl(;^tt,btttH^ ^tyPrtg 
©tif !«f usih* <^;\nWfigl Wdt-nl»'’(jevcW|!i»^!H}i 
•iw <cbwtnbttf: pluttr'd^tilgH^ affi *f hd'ftt-trOdlii^- 
tion of intermcdiat«‘tfttdqtit!iW WWt.‘t*sfbcfifc>ei[jh 
chambers so as to increase the efficiency 
ittfi-tqyoivewMdh'; iihttnmubiitlbticvrii oP'»fc\^kv 



h\i\y,\ icAWI’Jahv/ am 


aicdD*>tawwAil*p«rf{ltioii ai;vJiis}:ylifc®iVc*s^VPrt. 
•)Hhe <?pr«aklif>nfiii) ii fadHy , 

irioclriiti snwritt bwfs . i 

towers have be<-u iiitrodiufsfTrf cr. yo^ (i;il , 

oodttiis |tOSsii»Utqt() >pt'(Kl'Uefl t«i(vlp}i»vh',,4ci(l 

dfauii^r 

He'. To meet the dcmtJilM^; jBpr, 

acid of higher sircngtiis, such as rectified 

4dft<of< vitDiolt)iliho.C>I(Wf9rXii80hmil9) ur 

/thai chamber- jaiid isr ilitBftlftrriy^)!*? crtwflq- 
tiatbrsiii iThcn&iailo I vflri<M*%;'4<y'lHV jpf .fffih- 
(ricntifatorev )teirtill<jblyi; riw ctiijcadc rfty|>e//is 
lusecl iaitfiv^i^- swries dfWhpRlis 

-avranii^cftdgrYriseaianKl .livM 
(Omabunr. /dl4) fi««bij&kiimdco(!ll<'aMeiriu]^^'4^^ 
•rfrom)qbdo\viljL'o«it)te«if ujflmtlii rttt 
ifidHw-.dlbflb pausibtej twjptmhiti^t m 
per cciityisll»tlgtUifttt)SWlcil(>ft/'<VMJfic»phtH»y, 
Init even under the best condititins the htsses 
lda (*»p}witivui rttf4hftl^cj<jhlPiyi).l)cat 

ianhoaiUi:l<^ (TfjriRnld'j.'ifllttl't ItbloWnhsP 

iphiTV&ioltbd^i^li ili|»l‘llh<hili(ti1cii4!i-)vf)i)?ili ji^r 
-fl*iKbltin<iltJi»'<a' arctjjtwjiiWc i.wi<ll)«-(tjh|ajinW}f», 
■htfifcbi diJitindijjtRtiweiJiflmdh^ii-.liWirtji /dp^Vii 
-oxtqruUf cnkiViteyil»j<)oj^pdr CHJH liPWK- 
.rrtiDlo 1(1 bin; .jiii-i irni Itti lu (iiiitiul.i 

J J«;«licbainbrj (iii»hui.ty‘l7«4> lb*i 
iauth(ai*.4ilb]jdf.»odilui>{»^iitii4<tf* a,iift;.r«Mwml 
•dfthrtbd prpjib«lifW( frf^ JVibilli bildii^ti 

bliarifl'.iRdj 

-Mjtirjr/ * ) )ioil' >/1 j , bi M* 

!)ni: jiiuihr.iij, / » b*)fonT 

€lttilti*!d*^l^bcles« •'!•>»!'* 'fi'i' I'l ) ieiiio . 

- worl .jut;!!) •(•.idfui;!! 1 /. ./iKiilibii. ■ ) !ii )'i| 
Moii rtj b* »(rtkattibwdplattti,l t hw i-rftialiiy; I of ! »aw 
intWriiA .iawd''Hn|j«ri.iri|t'il 'iiM' the' gaMiudVect 
only the cpiality of the final product, but in 
the contact plant the«atuaaqccri««q«r>a; 
serious. The fpiality of the sulphurous gas 
•reqwked^ ’frirf- operation in- ai ■ tnoddfn ibn- 
■ifa'eP' pl'aiit' hals> tA>u8nti»iyiait(bltt- - foikwviijg 

bfl6cifieail»nslji 'i / ■>! Ciliii / (M ' ! '.Mi .-n: 
■)'Ui /'.•'i/iig •r)i:ini)l 1’ .■;!(i/.dr!i -lU’lijiii 

ybi/f^bThttl<^|jm'e^UMge.ix>DiiulphdriMdfic>xidr 

oi /fi-rrsHort^A fb»>ftdih'''bo» diii<r)uixV!*®“ 

-h(? orubelnj^tTOUIi;^. bm; nf;Jii<*> i. 


iMHiiiSiftfKsjiWifiijdb'' ‘lryv|MW^ ilVW' 

to ‘.mil ,{»]}{} //lli^ipe 

<.I ii//n i.irhiwHH' lifi 

I u'.f *Wli b/'/r, }jeyWil 
-moi ifil’HJibWSd-iiP) MaHIi ^b.li^Wbil, .hfirtlfi 
ningj; qit»hl|g|)^, jWfiep PjW^-djflif i;iglp,;»H«lti'i 
•nil fi(t> dni,4bfl hW\(|l;pg{M| is- 0 (|»t jylsilj^e ,t< 

irnni II nd 'I -i,«j *, .1 /iin ) 


iiipdf iri^Mpid yj itnip/t^vno ) ‘3f( 1' 

o; oa aojinty 

fi ni mo o aoisnovfiorj .ina:) I'lq 
\o\ jinin= GtnOo 'folioyno ;> ^rwui 

prii In 


/*ti;l)ii() )*v mIi '»,i 1 

-/•) miikiymo » 

!)*>jliff!l)f; mi. > »;lj Tinl-xl ) 

• j i ' iin r I jroUrrl ; .siilUr^^ tlalisc?) idoiwli t i (;n»J it <HaLs 
be(ro)iTioqiii(rd'SsaTy )ija cln>inrijiraooro; r^Anfial 
.T'lflstliods ii®t ) 1 F 1 .C iJaiw, nintrijitb. 

)SllIptuiniiifit wriiii^kmlri Hub ' Liiuiiprol. itilo fioi 
brick riTioonapftlni!iiib(l'nlrlDi)ii 4 tpit^;cf{iiippr 0 l 
'ivilbh jsticarp icriitLs, iaiid!qhril(eri ^iilplittri 1 cup 
-<41 ^o'.'l >ii» puiivfA'd i-ipoiij^h ;t wArKhi-fliai^j^crcl 
!pi|jcv.nrid >tiiuilly thrijii^li'!a! 7 Ct.ijii.(jo')aii‘jpn- 
'CrifirHy cniihliniwibd ^ teiitloi'ii- •iUiifeOd'rL-b adi* 
Ulrawd >flMcmgh liJillchr ( iKunbcrjlaunci diniixl 
in a lower l)\ a dowiiWfnxiil.’iiiraynDliiq-f.pr 
()8 |)cr crnl. sulphuric acid, is 1)1 ()\mi iiilo llic 
^iurnirr'hiii ijuaiitilk's 'Sii/llricinit- rioMlllurn 
.auijjliiiP (M>in|!)l«Uilyr.iin(l»ljd)‘JUia\ (vlhc! rpqiiHj:- 
>trd. ) amcnipD (.^'i(rtchcs3i»Ui'ri iiiatlfli[:j..ri|i iiinic 
,gH$es:c J.lil • ;i U r'l jii!: u >■.■ i i » 

*;d . 1 1 : J ; I 1 . i ■ j f I ; . » ; .'I . ! . . 

i) 'Thf^cxitif^asti&cankiiiiiu^ .uiTplnir -diuxilik', 
-aifthri fpaxsiri)y[ .• 1)bk»c>iiijhi . ihc* : i liaHlos in ific 
4manM'<^ an^i.passhd tlimii.{>k<:a) waslK' ihciit 
tboikn aikll then: uo>t/0ra |hc(it-*ex€ liziAit^civ ’ hn- 
Kdeibbin^ysciit'ilmo thr ( riiidqi tcrilritoolltnlt- 
•m(i!)c/tikhiiqonii)inatii9h:!*)(rfiif;ii)lptitii'i)dioxddji* 
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witli r)xygcn. The temperature of furiiaee 
Hascs, which is about Hoo" at the time of 
leaving the furnace, is brought down to 
about when they leave tlie waste-heat 
boiler. In the heat exchanger the tem- 
perature of the gases is brought up again 
to about 403" b\' iifili/ing Jieat from the 
couAcrtor gases, which is brouglit down from 
yfJo" (o .( to". 

'The conversion is brouglit. about in two 
stages so as to secure maximum ellicicncy. 
bo per cent, conversion occurs in the pri- 
mary converter i .oi'jO") eontaining yopereent. 
of the total catalyst mass, and tlic rest of 
it in the secondary converter .ypt"!. In 
order to control the temperature in the 
two converters at o|)tiinuni levels, it .. is 
necessary to cool the gases between these 
two stages and this is done by an inter- 
mediate heat exchanger. A total con- 
version elliciency of 9H-99 per cent, can be 
secured by proper adjustment of conditions. 

The gases issuing otit of the secondary 
converter are again cooled by heat ex- 
change before ihev arc admitted into the 
absorber. Jn the absorber sulphur trioxide 
meets a continuous stream of 98 per cent, 
.sulphuric acid. .\ steady stream of water 
or (lit. acid is also admitted to maintain the 
concentration of the discharge acid at pi) 
l)er cent. The sulphuric acid poduced is 
cooled before storage. When oleum is 
i'e<|uired, its manufacture can be arranged 
b\ the addition of more absorption towers 
and leadjiistinent of the acid cicle and 
operating conditions. 

The contact process was first developed 
using lincly ilivided platinum as catalyst, 
l)Ut platinum, besides being expensive, is 
\(Ty sensitive to im/)nrilies like arsenic, 
and only <{")-9o per cent, of it can be 
.sail aged. The vanadium cataly.st captured 
the market immediately after its introduc- 
tion on account of its cbeapness, and im- 
munity to arsenic poisoning. The cost of 
tin- contact plant was also considerably 
lowered, since the cl.iboiate gits ]niriiication 


eciuipmcnt nceessary in the case of plati- 
num catalyst was totally eliminated in 
vanadium plants ; but unfortunately the 
vanaditim masses, though cheap, have little 
or no salvage value, and their royalty 
charges are high. 

fn a modern contact plant of 100,000 
lb. capacity ])cr day, 688 lb. of sulphur are 
retpiircd to produce -j,ooo lb. of sulphuric 
acid ''Sbreve, 37b). 

.According to Krejis (lieonomics of Sul- 
])huric Acid Industry, H)37, 71', it is 
didicult to assess the relative merits of the 
two jiroccsses. (beat dillcreiices exist in 
the cost of plants, using the same process or 
ecjuipment. But, if the developments re- 
sulting from the introduction of vanadium 
catalyst continue to increa.se the competitive 
strength of the eontact proces.s.s, the chamber 
process ma\’ soon become obsolete. 

(loutact plants are compact and occupy 
much less space than chamber plants, but 
re(|uire technical .skill of a higher order for 
their fiperation. They liavc greater llexibi- 
lity with regard to the .strength of acid pro- 
duced, and arc best suited for the pro- 
duction of 98 j)cr cent, acid or oleum. 
Oil of vitriol {66" Be.) can almost always be 
made more cheaply by diluting contact 
acid than by concentrating chamber 
arid. For 60" B'*. (77.7 per cent.) and 
weaker acids, the choice between water- 
cooled chambers, \anadium and platinum 
contact plants is open, and depends upon 
local conditions. A chamber plant, how- 
ever, has greater flexibility in production 
rate than a contact plant fRogers, 1, 'J'jO). 

Gypsum process 

In lh(' gxpsiim proce.ss a mixiiire of 
calcium sulphate, sand, clay and coke is 
boated in rotary kilns to yield cement and 
sulphur dioxide. The furnace ga.ses are 
thoroughh' purified, and sulphur dioxide 
contained in them is passed on directly to 
a contact plant and converted into sul- 



ACIDS 


^jliun'c acid. Allhotigli till now gypsiiiii 
(ClaSO^. 2 HjO), as siicli, lias not been nscti 
for the manufacture of sulphuric acid, its 
application in the industry should n<»t 
present any great technical diflTK uUy. 

CKADKS 

The following are the strengths in which 
sulphuric acid is usually marketed : 


IVr c'tMif. oi 
\\M>i 


C!hanil)or arid ^f» lU*' 
Cilc)\er arid do' Br'. 
Oil of vilritd d(v Be'. 
Clt.nuacl 9ft acid 
Monohydralc 
riirning acid or 20 p 
.p» per cent, oleiiiii 
fi") ]jcr cent, olcniri 


d'i.iB 

77.d7 

9:pif| 

98.00 

100.00 

[•r cent, oleum io.[..qo 

109.00 
ii.pd;5 


lirsidrs strength, the (|iiality of arid is 
indicated by the following grades : Com- 
mercial, Battery, C. P., and H. P. The 
(’ommcrcial grade contains several impuri- 
ties and eorresponds to the (juality of acid 
ordinarily run out of (ilo\’er tower, and is 
suitable for most industrial purposes. Bat- 
t<*ry acid must be of high purity. Acc ordiiig 
to the .specifications of Indian Stores l)<*p., 
it must be a clear, colourless aud oily licpiid 
of not less than 95 per cent, strength is|). 
gr., not less than 1.B40 at free from 

any suspended matter and sediment ; max. 
limits for non-volatile residue, 0.3;^ ; iron, 
0.005 ; chlorine, 0.002 ; arsenic, 0.001 : 
and total nitrogen, 0.005 per cent. 


C. P. acid is chemically pure arid, and is 
obtained by distilling commercial acid and 
collecting the intermediate fraction, free 
from volatile and non-volatile impurities. 
B. P. arid should not contain more than 
5 parts per million of arsenic, and 20 parts 
per million of lead. 


dition or anotlier. pATn lead which is sn 
widely used in sul[)huric acid manufaclun* 
is safe only ii])to{{o per eeiil. concenlralion. 
Steel and ordinary cast iron, which an* 
vigorously attacked by dil. acid, can lx* 
used with acids stroiig(*r tluiii 9;^ per ceiu. 
(W)" Be'.). AVhercas only glass, fused silica 
and chemical stoneware were used for han- 
dling sulphuric add some years ago, spei ial 
ferro-alloys containing high silicon, nickel, 
chromium, and aluminium bron/es an* now' 
finding increasing applicati<»n. Tor ma- 
chinery parts exposeil to the ai lion of tin* 
acid, sometimes lead alloys (Tmlaining tel- 
lurium or antimony and tin aic also used. 

Cireat care has to h<* e\eiT‘isi*d in handling 
strong sulphuric acid as it has a powerful 
dehydrating action and chars most organic 
substances when it comes into c ontac t with 
them. Sulphuric acid burns should lx* 
washed witli water and then treated with 
sodium hiearbonale followed by oil or 
sprayed with tannic acid solution. 

In India, llie acid is Iransportc'd in sloix*- 
warc jars ol* 2.I gal. capacity packed in 
wooden cratc.*s containing i or 2 jars. 'The* 
jars arc mainly c)f the wide-monthed tvpe 
with stoneware screw-stoppers, ruliher rings 
l)eing used Ibr making them aii -tight. A 
paste of kaolin clay and sodium silicate is 
])Ul on tlu* sto|)per for final sealing. Tlie 
tendency lias, howc‘vc‘r, been towards tlx* 
iiitroiliK lion of narrow -moiillx*d, screw - 
stoppered stoneware jars, to enable tlx* 
acid being poured out of the container 
nu)ie eon\'enic‘ntly; but these have* not Ix'en 
adoptc'd widely dner to difliiully in getting 
them. Kor larger packings, inilci stexT 
drums of 10-15 eaiiaeity an* used to 

transport 75 per cent, and stroiigc'r acid, 
(da.ss carboys of 4.5-5 gal. and larger capa- 
cities arc also used for packing both cone 
and dil. acids. 


H.VNDLINC; AND CONTAINERS 

Sulphuric acid, i)articularly tlic grach's 
containing the usual commercial impurities, 
attacks practically all metals under one eon- 


t SES 

Sulphuric acid is one of the most import- 
ant basic eliemicals rerpiired both during 
wararxl peace. Thepr’odiiction aud corisurnp- 


23 



THli WEAt^W^F INDIA 



) 

‘>iii FTTii // .invii \A.> nr, 




1)11); 


■)cl nr.) .li!) /if IriJ 

*.)fi‘):) fjfi ;•() iififlr i‘jT)nnij;! ;>bi*)r. rliiv/ b'>?n 


■i ||| '» l I MIf f l ^ 


HWilWHctilW <l/^>pKl3^<hM*if‘ acfei'>lias''bt4«l 

'm 1 i ni iioijh wlqqu 
. /llij lifiih /fi/, uv».‘ria 

ANALYSIS OF C:ONSl'MFli()N OF 
SL LPMt*^4^iA(:il) 

il>!ii// iii ('|tAftttt<’»l<xj)i|lFi-rtintVUti«i 9 )llr>l -Mi T 
: ti:iii /III II..:! At !>i .1: .; ■■l■^ltl■■v 



;vMm, 'jffei 'iMtA"! 

jjirjjn onppcnDi. aliiminiinn sulphate and 


’i-» l/r» » I >4 

ill. id 
( IIkSiiu^i'In 

1 


JnHia 

( a>ll>>lllli|}tjfin III 


Consul 111 >l ii»n in 
■,}i« in 


l*<Tr<'iil. I'ivr 
Ji*ns III' l*/ldl \r;!i‘ ?^K. l/.S.A. 

■ loiliiii 'i!') 

7.1 bi^KxO^) I^<;,Mlf)i07-.-,,oo<> 


JI.IM 10 
JU.OOO 


llajCfKsI ; 
DinillM 'r 
Kavtiii iuiiu'.tiv 


tvavtiii iiiiiiiMi V ^ .. .»|d»oo iin.;iJ»i 

•••IT /rr‘'«bO/,)il>hf 

,i»fa 

biiji to /lil(;iii) 'mH ol bnjj m\i 

d i,«B .iav/ct ^s^ai;yi{v 


awVrtV ipn A t^,' y.irtc' 'sfflwifttt',' ■ etc ^ — — . ...I vvj-jTvij / ■ ' 

m^W > »!!?;*,’■ 

lilVcS'.*’ !«' 

finds 

sidphonaliiig and nitrating , agent, The 


ttlHnufitVtlure'^br ' Tfi»6‘W- 


/. nfiiJi-in; iif-)i!i 4 iif:lr.rn lol i)‘»rn *jn!'3(l liinpn /no f>fil. ^^Sillnolo ) , ii>.)I'> j; ‘xl l^suni li 


H 

■rfirtiWst 

!•> luo li'/muq jiiiiar Inn; 



‘MMl 'hf:-«A(f.'a 'ir*tikeirfVW‘tt\:m\V- 


i')n;jJiiM 



"■’■’vViUiy 

MHlI/id' %tTi'“tMp‘'pNiaVt^^ <4h*McAt:'Vfq'A'iW 
iWitnstVW'Uir^iWlf^AWil ' fol-'Wfiie «rthe WWk 
IstV’^A' nitcK ' ' Wi '<H rniiifeiil ' ■ IXiVrttfAHlVI^h 
pV^-Trt-affjU’ I'riiinhfMlWiia 

rfd’kiivwgA'nwiv 

carried out by the direct cdfttbhi!Uw)k''6r 
h\ (lrogeii and chlyi^ic, both of wliich are 
l)\ -products of elec'trolytic caustic soda in- 
-dWHtwl J<^sN«r»dt;ilf-i(1iiw'«il)dtwly>ilwiitfijiif>ro- 
;^t>ittel^ Itibcttlkt IpawalptU- «)'ijwritltc4»c. 

-<4TOWitMtVd *p ».bH\rt:>i AwwqiedTpfi-ww*} Hm > tWt 


developin-<lH(\>r'AA^;'i«dtt‘!}M5"liW^M-^V^ 

and dyestulls manufacture, will lead m a 

irkii’fivkWt^i'HF^ii m’-Jh? , 

mu; uDi; l/n')r:>mrno ) jjiimilf'.n) vd rv)nu;J(lo 

ififlTr-H.9^’ ilft^lAp''iyro» 


uk\\{my"mhk ui’We 'm, fjiipefc. 

Most of tlur units are stkftTr.lhl:PnlimWy- 

lowered b\' increasing ]jfant capacity, but 
^vfmijis Wiiilt gAiftiirf'MKidqpviwrVN'atHCii^iiiiilia 
.isAiiliiisiitSfiiiiVBJ'iofniwnysijttipiiorii ^jninnsidoly 
-«PlWt«mli.'»buii diAbin lb; dbriij nnc) 



ACIDS 


DISl'RlBUTION' OK SIMMU RIC AC. 11) 
PLANTS AM) PRODLC'l lON JN 
INDIA JN i<ni 

cil’ 

Ait.'i )l;inis ('IV»ns of 

loo ij<*r 
rrnJ. ncicl; 


IJcagal 

T) 

I ;ro‘ H) 

.\ss:ini . . 

1 

1,1(10 

Bihar 


lei.oe u) 

I'mlL'd Provinc e's 

.) 

.|,C)00 

Df'llii 

”) 

;^,e.)Oo 

I'linjab 

f) 

-,7o(i 

Sind 

I 


Boiiihay 

!) 

7,<»eiij 

Ihiroda and Ahnii-dnhiid 

'i 

i,j:io 

M\sort' 

1 

. 1 ,i 7 cj 

Madras* 

1 * 

I ,(180 

Ilvde'rahad 

I 

ith) 

aOr-hti 


L\< Mil* ( ]i;iiii1 H-r '’ {.omm nl’ i|ji- 

Clonliii* .!i Aniv.iiik.iilu iNilv^iii 


111 '14 (luMC were rhainlnT plants and 
5 (nnlact |)lants. *\!aiiv of (lie cliainlx'r 
jjlaiUs \vrr(.‘ orsinall caj^ac ily ^ lo-ij ])ro(liK'- 
int*- less than 500 Ions per ainnini and (hrro 
were only (i (’liriniluT |)lanls of ( apacily 
innrt* than ;],o<>^> tons, two in Ijrni^al, oik' 
(Nu ll in Uiliar and llu' I ’.P., and ^ in Bom- 
bay. 'I’lu: ,*ontai't plants wen’ h.'calcd in 
BcHL^al (10 tons/day), Mysore ( lij tons da\ !, 
Bihar 150 tons day , Assam ■. 5 tons day;, 
and Kalyan ( 10 tons;. 

Though the capacity of t.!ic Indian sul- 
phuric acitl industry bclbic the W’ar was 
f)/, 000 tons per annum, the avtaaiL^e annual 
production in llie f|uinf|ucnninm ending; 

was onK j/jooo tons. Durini^ the 
War a number of locally ini|U()vis(‘(l cham- 
ber plants w<*r(‘ instalh'd in \'arious pla<a*s, 
and in ’44 the capacity r()S<* to over ()f,,iM)o 
tons and production reached a peak of 
59,000 tons. 


Feitilisers and Chemicals, IVavancore, has 
also come into production, lint this |)lant 
is (‘xpected to r(‘l(*ase only ;5,ooo tons ofaeid 
into the maikc't. 

The )i\'e-\car tartlet Ibr prodia tion has 
l)(‘en placed at f iB,()Oo tons. excludinjL;' tlu* 
refiuirenuaits of the rayon and dyestulis 
indnstri('s ■ Rej). Heavy Cluan. iS: Idcilro- 
Cheni. Induslr. I^]nels, luc. dt,^ 'TIh* 
largest demands are for expansion in th.c 
production of liM tili/ci s and chemic.ils, the 
ibriiKM* retpiirlng (i'jatoo tons, and the latter 
55,000 tons of acid per annum. Tlie l lea\ \ 
(Mieinicals Paiu'l is of opinion that 'Jo-:?;, 
tons (lay plants ari* economic units, but 
taking into considcaation Indian conditions, 
they nrommend the distribution of 10 
tons/day units in varifun parts of tin* country. 

During the liigliest (piotalions in 

the Bombay market for (annmercial sul- 
phnricacid i.o]o: \ari<'d fiorn Rs. ijj- 
\\i[) ton. After tli(* declaration of War, 
tliere was a snddim ris(‘ in prices, and in 
’I'j the (io\i. ol' India intioducia! control, 
^rite (l)llowing w<‘r(‘ llu' eotit rc»ll(‘d prices 
in It' l)(‘ing charge’d to the works 

ton : 


( IlianilH-i* id - 

•• -^■>7 

r/, I |n ; ( loiMMM'l'C mI . .. .. jy- 

//. I .d.io > Kclim-d - .. .. .. ;;()■ 'jijj 

( ! .ii id 

#/. I .f*l |l J . . . . . . .• .'M 


Since' the' end ol* the War. jirie'es Ikinc 
declined slightly, and receiilly the ceinlrol 
has been lifted. Coinnu'rc’i.il c hambei ae id 
((/, i.B.|0' is now Aug. '17; cpioied at 
Rs. 'jJlo-^Co atiel e'ontai I ae ief of the s.iiiie/ 

(h'lisity, at Rs. t{!o-l>v>. 


Recently 4 new* contact plants o( 5,000 rite* price dI (he ae id usually depe'uds 
tons capacity have been erected, one* each, upon the cost ol sttlphur, and the size ol the' 
in Bengal, Bihar, Delhi and Bombay. I'he plant, i 5 ton ol sulphur being re^(|uin‘d for 
contact plant (75 tons (lay) of Messrs. one ton of acid. In ’.J5 Amerie an stilphur 
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was quoted in the English market at ,-(,'12 
ton, and the price of the acid (//, i.Sqoj 
was £jiton. Indian prices of sulphur 
(pre-War, Rs. qo-ioodon) and sulphuric 
acid (pre-War, Rs. 120-129,1011} do not 
show similar relationship, and the high 
price of the acid has been resjionsible for 
retarding the development of chemical in- 
dustry in India. 

Imports of sulphuric aciil liave been 
negligible, because of thcdilTiculty in trans- 
porting cone, acid in bulk across seas, and 
eonscf|ucntly, Indian manufacturers I'ujoy 
a virtually protected market. .Vcording 
to the Tariir lid. (Rep Bichromates Indus- 
try, 1947, 13), in ’46, when the price of 
sidphur was about Rs. 150; ton, the acid was 
being marketetl at Rs. 2flo ton. Th<‘ 
price of the acid should ordinarll\- be ccpial 
to the cost of 0,33 ton of sulphur /i/ui 
conversion charges, about Rs. 30. The 
Hoard remarks that even if every possible 
allowance is made for incrca.sed costs of 
convereioti, freight, etc., there isno justilw a- 
tion for a price higher than Rs. r(')0 ton. 
'fhenr is urgent need for an enquire' into 
the economics of the industry in India, and 
for the rationalization of [iroduction and 
distribution. 

ORGANK' ACIDS 

Acetic Acid 

Acetic acid is a constituent of vinegar 
in which it occurs to the extent of 3-3 per 
cent. The pure acid is a clear colourless 
liquid with a pungent odoui (sp. gr. i f, ", 
1.055; m. p., i().7" and b.p., iiH".. It 
is also called glacial acetic acid, because 
when C(K)lcd, the crystals formed resemble 
ice flakes. I’lie acid is soluble in water, 
alcohol and ether, and is also a valuable 
solvent. • The strong acid has a corrosive 
action on the skin, and acids of moderate 
concentration have a sharp, acid taste. 

Large quantities of acetic arid are re- 
quired for the manuficture of acetate 


rayon, esters and lac(|uer.s, and larnishes 
(Industr. Kngng. diem,, 1931, 23, 482 . It 
is also used in food industries. In India, 
the acid is mostly employed for the coagula- 
tion of rubber latex, and for the manul'ac- 
ture of jiigments like white lead, verdigris, 
etc. It is also employed in the preparatitin 
of acetates and acetic esters, and in the 
dyeing and printing of te.xtiles. In metli- 
cine, the str(»ng acid is used as a rubefa- 
cient ; the dil. acid is diaphoretic, diuretic 
and expectorant. 

In the older process of preparing acetic 
acid from the products of wood distillation, 
the grey acetate of lime ;calcium acetate' is 
(h*comp(»sed by cone, sidphuric acid, aiul 
the acid distilled over usually contains 
80 per cent, of acetic ;icid. When this is 
further concentrated by re<-tificalion, glacial 
acetic acid i 98-98.5 per cent.) is obtained. 
This is treated with a small quantity of 
potassium permanganate and refraciionated 
to yield chemically pun- acid. 

.\cctic acid is now recovered vliicctly 
from [tyroligncous liquor bv cold e.xtraction 
of de-alcoholized ])yroligneous liquor with 
ethyl ether or ethyl acetate. In the Suida 
process, extraction with high boiling wood 
oils is carried out in tin- vapour phase, and 
acetic acid is reciwered stib.sequently by 
vacuum distillation. In the Othmer pro- 
cess, after the removal of crude methanol, 
the li()uid is heated and the vapours pass 
into an azeotropic dehydrating column, 
where they meet with butyl acetate which 
acts as the withdrawing lirpiid. The ester 
distils with water as the min. boiling 
azetJtrope, and viclds acetic acid containing 
a-A little as 0.5 per cent, water. In order to 
purify the acid, it is treated with a small 
quantity of sodium dichromate and redistill- 
ed (Shreve, 682;. 

.\cetic acid is now manufactured mainly 
by the synthetic process. In this, acetylene 
is converted into acetaldehyde, and the 
latter oxidized to acetic acid. 'I’lie acid 
formed is of high concentration and purity. 
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Tlir sNiitlu-tic acid is clicapcr and has 
displaced, to a lar^c cxtc^nt, th(‘ acid IVoin 
wood distillation products. Over 73 ])cr 
cent, of acetic acid manufactured in the 
V. S. .\. is by this process ( Rogers, 1 , ih . 
Acetic acid can also lx* produced by th(‘ 
vinegar process and by the direct f)\idation 
of alcohol. 

'The cominen ial acid is sold in (’aibo\s, 
liarrels or glass bottl(‘s, in concentrations 
varying from ^o-p;) per cent. 

'rin* present Indian consumption o(’ acetic 
acid is estimated at [oo tons per annum. 
'I'he axerage annual imports during '34-;^^ 
were about 300 tons, valued at Rs. i.if) 
lakhs. 'This (|uantit\ could be obtained 
ironi the wood distillaliou plant ol Ju* 
Mysore Iron Works, if' arrangements an* 
niad<* lor the direct recoven of* add 
from p\rolignc‘ous licpior. During the 
War. small ((u * * ‘s ol‘ acetic acid 

x\cn' manufacturec rom yie\ acetate of 
lim(\ 

ACKrAlKS 

Some of th<' salts of acetic at'id au* used 
in medicine, and in industry, .\nimonium 
acetate |)reparcd from ai’ctic acid and 
ammonia is a mild expectorant, diuretic 
and diaphoretic. Sodium and potas.siuin 
acetates, prepared by neutralizing acetic* 
acid with the i:orrcsponding carbonate, an' 
also employed in inediciiu' as diuretirs. 
bead acetate is an imix)rtant salt, and is 
prepared by dissolving finely dividend litharge 
iPbOi in acetic acid. In medicine, it is 
used for pi'eparing sfxrthiiig and asli iiigeiu 
lotions : in industry, in dyeing, calico- 
printing, and in tlie mamiliicture ol chroiiK* 
yellow and other pigments. .Mnminiimi 
and iron acetates arc used in the textile 
industry. Of the (‘sters of acc-tic acid, 
amyl, butyl and cth\ 1 acetates arc prepared 
on a lai'gc scale for use as .solvents. Some 
esters are also used as perfumes and flavour- 
ing materials. Acetate rayon is made fr*om 
cellulose acetate. 


Citric Acid 

(litric acid, 11,0, is present ia 

the juiee of several acid fruits, such as 
citrus fruits, pine-apples, etc. The pure 
acid crystallizes in large colonrle.ss rhombic 
prisms and does not have any odour. \Yheii 
licatcd, it loses its water of crystallization 
above 130", and the anhydrous acid melts 
at i f)3*’, and decomposes on further heating, 
(lilric acid is readily soluble in water, less 
s<jlublc in alcohol, and only sparinglv 
soliibh* in (‘thcr. 

riic ac id is mainly nsc'd in the pic'para- 
tion of medicinal citrates, conicctioncry, 
and soft drinks and cflcrwscent salts. Small 
cpiantitics arc employed in silvering and 
engraving, and in dyeing and calico-|)rint- 
ing. Imports into India were mainly from 
ltal\, and the average anniial imports 
during the r|ninqucnnium ending '3d-3() 
were* ahoii! 120 tons, valued at Rs. 1.33 
lakhs. 

Until recent yc'ars, citric acid was manu- 
faclnred from citrus juices, and Italy and 
(lalifornia wciv the largc-’t producers. In 
Ilawai th(‘ acid is also manufac.tiirccl from 
pine-apuh* juice. 'I’obacco waste contains a 
large |)r()])ortion of citric acid and liums a 
potential source. 

Cnarilied Union juice IVoni cjif-size or 
off-gradi' fruit i pf)-!) per cent, of eitri(’ acid) 
is heated and neutralized with finely pow- 
dered calc ium carbonalc' i free from inag- 
iicsinm carbonate). riic jjircipitate of 
(aU iiim citrate is filtered \v|iiU‘ tlie lifpior 
is still hot, washed thoroughly with 
hot water, and dried rapidly. The salt is 
more sohihlc' in cold water than in 
liot water. 'rechnical calcinm citrate* 
contains usualh f>7-7o ]K*r cent, of* c itric 
acid. 

For the inanniiicturc of the* acid, a slight 
excos of sLilphnric acid is added to a sus- 
jicnsion of crude calcium c itrate in water, 
'rite mixture is vigorously stirred and boiled 
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and die ])rc(i|)ilaU-(l rahiuni sulphate is 
filtered oir. The arid li(|U()rs are eonecu- 
trated in vaeimni evaixirators. 'Flu' crude 
acid, which cryslalli/.es on coohni^, is 
purified by reciyslalli/ation. d'lie yield of 
acid from lemons varies from '5-50 id. 
pc]\lon oflresli fruit. 

Patel and Kale IhjK htduslr,^ tionihay, 
Hull. No. M, hav(‘ experimented on 

I lie pn)dnclion cak inm citrate fnmi 
lime [(lilriis lutdira and arifla) jriown in 
IJombay. W'Ikmi worked direeily Ibr tlu' 
production nf eaUium < ilratc, diese limes 
yiild on an average l \2 lb. o(' salt per ton. 
11' calcium t ilral<‘ is recovered as a by- 
product from llu' slnd^(‘ left al't< r lr('alment 
ibr obtaining (he xolatile (»il tlu‘ yield eoes 
down to about bf) lb. jk i Ion. Xculrali/a- 
tion is cairied (»ui b; the eiadual adiblion 
of a thin snspens'oi; nl' slaked linu' ’W watei. 
'To ensure the (|ua!ily of calcium ( itrat(‘ 
produced, it is luaassary to set* tliat tin* 
reaction iniNlure do(*s not be(<)uu‘ alkaline 
at any sta.Jte during* the additi<»n ol* lime. 
When the acid concc'iilration falls below 
o.i ]:er cent., the ]v>iut ol contact with the 
sus])ension of linu* beccMues darkish-brown, 
and the |)re( ijiitate turns |L;re(‘nisli->\ellow. 
Addition x)f lirra' should be slopped at this 
sta.e[e and, if nec<*ssar\ , a small (juantily ol' 
fresh acid juice added \ /-nIL Iin/j. Insl. ! und.^ 

I ()_>(). 17, 

In reccm years, lari’e (juantities (‘fciliic 
acid are Ix'iivu: maimliietincd • in America 
by the fermentation of sut^ar nsinj* certain 
strains of . 'ITa* reac tion 

takes place according' to the follow inu’ 
i*(|uation : 

: IPO : O, iH 

riu* spores o( a suitable orL..inism are in- 
troduced intc^ sterile .siie.ar solutioirs - if,- 
‘jo p<*r cent.\ with low couccntraticms ol* 
annr.oiiium nit»'att\ c(»ntained in shallow 
pans ol pure aluminium. FermeiUalion is 
.started in an acid mcdiiini ’pH, U-o), and 
it is usually 'omplele in 7-10 days. 'The 


yields of citric* acid is about Go per cent. 
l3y weight ol'sugar taken. Tlie entire process 
has to be carried out under perfectly sterile 
conditions \Indu\lr. Jui^ug. C.'licm.y 193^,30, 
2GG; vidt' also (lhattcijee, J. Indian cluni. 

Indiislr. .A raw AV/., 191*2, 5, 201). 

Potassium citrate* has diaphoretic, diure- 
tic and febrifuge |)roperties. Scidium citrate* 
is an anti-coagulant and is used in blood 
transfusion. It is also add(*d to milk for 
feeding infants ami iiualids, to pr(*ven( (he 
formation ol'eiirds. Iron ammonium citrate 
I'V, 20.3-02.3 pel- cent.), a c’omple.x ferric 
ammonium citrate, occurs in thin dark- 
reel transpaiviit (Iclicpu'sc'enl scales, with 
an astringent taste. It ‘s commonly used 
in debilby and anac'mia. A grt-en \ariclv 
: Kc*. per (c*n(.i containing a larger 

jiroportion c>i'ci!iic* ac id is used fiir hyjiodrr- 
mie iniecaioii. 

Gallic Acid 

(bdlic* acid (; il,.() . I!..(),, 3. 3 tri- 

hy lroxyI)en/oic acid, I'orms pale \i*llow 
or colourl(‘ss lu'calles, melting at 22'2'‘. 
It is soluble in alc*c»hol, but s|)aiinglv 
so!uI)!e in ethew and water, l.bilikr lannie 
mid, its solution in water do(\s not gi\c* 
)>recipitali’y with albmnen or' gelatine* 
s»>lu!ions. 

(iallie ai'id gi\is a. bicnvii ('olour widi 
ferrous snlphalc* wliic h b(*c*omes black ou 
e\|)osnrc; licncc it is n a-d in tl:e niamifactinc 
of writing ink. Some important anthr.i- 
rininom* dxestuils, such as ili/.aini brow'u, 
aie Tnannfartnr(*d fi'om galMc acid. h. is 
also a soiiri ol p\ rogaMc'!. A basic bisnmtli 
salt, known ;ts di rnialol, i^’ iiserl in cKsentery 
and diarrltoca, and also as an amiscptic 
dusting po\vdc*r. 

(hdlic acid is Ibnnd in many plants 
containing, gallotannins. 'Du* acid is pre- 
jiarcd by the* acid or alkaline h\droly.us of 
tannins or tannic acid. It is aho obtained 
technically from extracts of gallotannins 
l3y f(rmcntation. Certain monlds of the 
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Asperg^illus spp. contain an cn/\ me, tannasc, 
which breaks clown tannin into |U[Incosc and 
gallic acid {Imhistr. Chnn.^ 22, 

1174). IVrrnentation is earned out under 
sterile and aerobic conditions until lanniii 
has completely disappeared ; gallic acid is 
then recovered from solution, 'rc'chnical 
grades contain <*ent. ol'aeid. 

Pyrogallol 

Pyrogallol. also (ailed pyro- 

gallic acid, is 1.'-*.;;. lriliydro\yben/ene. 
It is obtained wlum gallic acid is d(‘( arbo\\- 
latcd by treating it in an autoclave' \\ith 
ihin's its weight of water. (Irude p\ro- 
gallol is purifu'd by sublimation in \ acuuin. 
Pure pyrogallol forms while lusirous crys- 
tals melting at It is soluble in water, 

alcohol an(l ether. It is a sirong rediu ing 
agent, and is used in i)hotograph\ as de- 
velop(*r. y\n alkaline solution ol* |)\ rogallol 
rapidly absorbs oxygen and 1 11 ins brown ; 
it is ('iiiployed in gas analysis foi- removing 
oxyg(ui. Pyrogallol has a loxii; ai t ion on 
blood and l)lackens skin. It is >ometimes 
usc'd in ointments Ibr skin diseases, and forms 
an ingredient of hair dy<'s. 

Lactic Acid 

Lactic acid, (Id is a \illnw or 
almost c:olourlcss, \ iscons, hygroscopic lif|uid 
(sp. gr., i. '>.].;»), readily soluble iu water, 
alcoliol and ether. riic ('oinmcrc ial ac id is 
optically inactive. It cannot !)«' tiistilled at 
ordinary pn'ssnre, but at a pressuri' of i | 
mm., it boils at I'j'S'. Plie acid is markcti'd 
in several gracU^s in concentrations ol' 

44 per cent., and sometimes e\en Jlf, [)er 
cent. barrels and carboys :\vc used 

as containers. 

I.actic acid is now’ largely used I’or de- 
liming hides during their pre[)aralion for 
tanning. It finds use in eliromc-mordanl- 
iiig, and in the acid dyeing of wool. !t is 
also used in .sev(’ral foods, drinks and can- 
dies. 

liactie. acid is (}ne of tlie oldest ai ids 


known, and it is |)resenl in sour milk. It is 
obtaiiu'd as a by-product ol the dairv in- 
dustry. Laelost' or milk-sugar, pn'seni in 
wlu'v, is feruK'nli'd by laitie bacilli 
iohacillu^ hitl^ai ’nus •. Otliei* lactii' ba< illi, 
such as y.. (Irlbruiki^ are abh' to ft'rinent 
dextrose, and nn)lass('s may also b(' used as 
raw nialei ial. f\ i inenlalion |)ro( (‘cds best 
at pll, ‘>***1 temperature, p*-!")’, 

and is enmph‘i(' in f,-ti da\s. In order to 
control acidity, chalk is added iVom time to 
e and tile acid prodiii I’d is eonxm ied 
ealcinin lactate. I’lie solution ol’ cmI- 
eium lactali* is heated to (oagiilate pnaein 
matter, filtered and i *)uet*ntrat<‘d. t )n 
(’ooliiig, tlu' sail i ryslalli/.es out and is 
])uii(i('d by recr\stalli/atiou. 

(lalciuin hu iati* is an elllon si'cut sal.l. 
It is coni])h‘lely soluble iu water and is u^cd 
in iiK'dii iiK' to inci*ease tin* coagulabilitv (►f 
blood. Along with \ilamiu I), it; is ad- 
ininisK'red iu cases of ( alcium drliciencx. 

'I'Ik' salt wh(‘U tr(\i[(*(l with sulpiiurie a( id 
givc's lactic acid. Alter lln* liltralioii oi’ 
('alcium sulphat(‘, l;icti(' aiid can be con- 
centrated up to f,o per (lilt. l'’ni”tln‘r 
coiu cniratioii presents peculiar dilliculiies 
owing to the liighb. corrosive* niilure of 
lactic acid. ( loiu cut ration up to Ko jcr 
cent, may be i arried out iu \ a( imm c\a- 
poi'ciloi s made of stainless sti-cl ( (Hit. lining 
molybdenum i.lum. .\fi-s, ip;], 

22, I |(» . 

Oleic Acid 

( )leic u id is pi i'seul iu the glyce rides n| 
most fats, |)arii( ulai l\ licpiid fats or oii^, 
siK'h as olivi* (hI, cotton seed oil and cot o- 
uut oil. rin* pure acid, ( .. .1 1 a 
tasteless, odourless, oily liepiid of siiguio 
vellowish (olour iod. Vtd., po . ( )i! ( (m .1 

iiig, it solidifies into colourless iir<-dl(‘s, 

melting at i ] It is ( ouvci ted into a 'o!id 
isomer, elaie lie a (id, inching at | in .u 1 i< hi 
of nitrous acid at joo' in (he pic'.c;\. al 
sulphur dio.\i(l(‘ or '.(nlium bls'ilphiic. 

;ui(i is insoluble in w.ilir i)!i< ^li'•'.ol\e^ 
readilv in alcohol and oilier oi !.’aih«' ■ oK ents. 
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The icchnical piocluel is also known as reel 
oil, and dcpendini;’ u|)on its purity varies in 
colour from ncIIow to deep red or reddish 
l)rown. It is obtained as a by-produet in 
the manulaeture of eomniereial sicarie acid, 
and usually contains not more than 70 per 
cent. oC oleic acid. Its iod. val. is Hf)-;)."), 
diK' to the i)ies(‘nce ol* lincde'ic and 
saturated jicids in more' or less equal jm)- 
portions. 

Red oil is used in the inanuracture of 
soft soa|)s, olc'ates, and l(>r oiling wool. 
The purer grades obtaimxl by distillation 
art' used for tlu' i)nq)arati<jn <»(’ ointments 
and polishinm; e onipounds. 

Oxalic Acid 

/ 

Oxalic acid (ueins in scwcral planl.-i as 
potassium acid oxalate* e)r ealciiiin oxalate. 
The pure ae id, ( 111 , 0 ,. -jIl XJ, crystallises 
ill large* transparent ee)lotirless rlioinbic 
prisms, anel is soluble* in wate’i* i in 121. 
\Vlirn heate'el, it melts in its wale*r ol'ciy.s- 
talH/.atioii at. qh", be*gins te) lose water and 
l)e'e‘ome\s anhyelre)tis. At higher tcm|K'ra- 
tnres (ca, ’ it volatalizes with partial 
ele'ceiinposition. The* aeiel and its: soluble 
salts are poisnne)ns. In oxalic acid pe)ison- 
ing calcium hyilroxielc or calcium car- 
he)nale made* into a cream with water, is 
administered as an antidote, when the* 
inse>lnl)le* calcinin salt is prci ipitated 
e)nt. 

Oxalic aciel is mainly cmplencd in the 
printing and dyeing ol' textiles. Fe)r this 
|)nrpe>se some* e)l'its salts, such as atUimonsl 
potassium e)xalate*, K,Shi C^O,) ;5H,0, 
are^ also use'el. The* iVe*e* aciel is employed leir 
blexiching straw, we)oel, and cotton liiitcrs. 
It is an ingirdient ol several inks and metal 
|)eilishes. Since the* aciel forms .soluble* iron 
eompounds, if is <*mplo)cd lor re*me)ving 
ink and ire)n stains. For the.se |)nrpo.se.s, 
potassium (juadroxalate* (also kne)wii as sail 
of sorrel), KH;: CIXJ,),. HX). is also em- 
ple^yed. Ferrous potassium e)xalale, FeK, 
2HX)is a powerful rcdacing agent. 


and is used in photography as oxalate 
developer. 

The average annual imports e)f tlie acid 
into India during the quinquennium ending 
’3H-39 were if)f) tons, valued at about a 
lakh of rupees. 

Oxalic acid w as formerly made by lieating 
sawdust, i^rcfcrably from softwoods, with 
.sodium hydroxide to 200-240 ’. T’he fused 
material is extracted W'ilh water and the 
calcium salt precipitated. Th<* free acid is 
liberated by sulphuric acid, recovered from 
solution, and purified by recrystallization. 
In a similar manner it can also be pre- 
pared from starch oi* sugar. \’ciy pure 
oxalic acid is obtained by oxidizing sugar 
by cone, nitric acid. The commercial acid 
iqq.f) per cent. ])ure> is iisiialK sold in the 
form of c rystals or powder. 

Oxalic acid is now prepared b\ the 
formate process. Sodium formate is formed 
when scxlium hydroxide is heated with 
carbon monoxide at a j)re.ssure of H-io 
aims, and a temperature of 200' . When 
this is furtlier heated to 375 under reduced 
pressure, it d(Torni)os(\s yielding sodium 
oxalate and hydrogen. 'Flu*, reaction i.s. 
said to proceed at 2qo" if heated with small 
quantities of alkali .'Ic'ss than 5 per cent.). 
Fhe calcium salt is precipitated, and the 
acid rec'overed as before. 'Fhe new proce.ss 
has supcnsedcch to a large* e\'tc*nt, the 
sawdust inethcul. 

Small quantities of cjxalic acid wen* 
manufactured in India during the last 
War. The bark (»f T reminedia arjumi is 
said tc.) contain a high percentage of ealcium 
oxalate. It was also used for the recovery 
of oxalic acid, after the* extraction c^f 
tannin. 

Stearic Acid 

Stearic acid, , is one of the 

most widely distributed fattv acids, and 
occurs in combination with glycerol in 
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numerous oils and fats. Particularly rich 
sources arc tallow and the seed-fats of some 
species of Dipterocarpaccae, (Juttiferae and 
Sapolaccae. It is also formed by the re- 
duction of oleic acid. Pure stearic acid is a 
coloiirless, odourless, crystalline material 
l^m. p., (>9") which is insoluble in water. 
It dissolves readily in alcohol and other 
organic solvents. 

Technical stearic acid, sometimes in- 
< orrertly called stearin, prepared from tal- 
low, is invariably a rni.\turc of stearic, and 
palmitic acids, and is usually 

marketed in the following grades : 



liid. val. 

M. p. 


' IV 

SiiikIo jirfsHcir 

1 * 

rdvr.V-.i’' J-’-M 

Doiihlr pri’ssrd ‘ 


rriplc prrssc.rl * 

*5 


Large quantities of stearic, acid are. used 
in the manufacture of candles, and in 
rubber compounding. Stearic acid is also 
used in the preparation of cosmetics, 
and in ointments as a substitute for wax, 
and for jircparing castor oil suppositories. 
When partly neutralized, it forms a cream 
base with 5-15 time's its wedght of aqueous 
solutions, and is u.scd in this form in vanish- 


ing creams. The acid is also useel in prepa- 
ring metal aiul shoe polishes. soliti fuel 
]»repared fr«mi stearic acid and alcohol ignites 
readily and burns without leaving an\ a^h. 

Stearic acid imparts hardness to soaps, 
ami potassium stearate is an ingredient of 
.shaving soaps. Some ttf the metallic siear- 
ates Mich as those of ainmininm, calcinm, 
inagtiesiitm and zitic, are used in special 
lubricants, paints and varnishes, and in 
certain printing inks, .\lnmininni stearate 
is also extensively emploxed liir the uater- 
jirooling of fabrics. 

1 allow 'Ironi cattle, sltei'p. hogs and 
horses' is the principal material liir the 
mannfaclnre of stearic^ aejd. Some of the 
seed-fats suggested as snbsitntes Ibr tallow 
■ Fnntambekar, ./. liulinii t hem. Soc., 

& .\ras AV/., I, Iivy ni;,\ also be ein- 

ploved liir the manufacture ol' stearic .leiil. 
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In prcpariiijLi; sl(‘anc acid Ironi tallow, the 
raw material is purified by eookin.i^ it with 
dil. sulphuric acid for about an hour anti 
a half, iisiiiL*; li\'(‘ strain. It is then saponi- 
fied by 'i witchcll or similar r(Mt»('nt prepared 

I) \ heatiiv^ a fatty acid, and an aromatic 

h\(lro( arlion, suel* as brn/enr nr naphtha- 
lene with stroll^ sul|)hurie acid llilditeh, 
17-, . 'fhe eleaiird fat is mi\rd with ‘*-’n-;)0 
])er cent, of its weight ol' water, some dil. sul- 
phuric acid anti 0.7')-!. Jf) per cent, of the 
rea.i;enl, and boiled with Jipen steam for 
ab(»ut 10-20 hours. 'I’lie sweet water .i^ly- 
eerol; is run on! and th(‘ mixture' is iriwii a 
set'ond be>ilin^’ wlnai nearly f)7-pd per et'iil. 
of hydrolysis is eoinpleled. I'he crude 
aeitls are ie*mo\ed and allcnved to cool and 
solidify, fhe cakes thus formed are wrap- 
ped in cloth and cold-pressed Ibr 
about 2.1 s. 'This ij^ives the siny 

|)reysed ' acid. 'This is melted, seilidified 
into cakes, and is subjected to t wo prt'ssinii^s 
in a hot press, ihrouoh wlrcli steam at 
120 11). prc’ssure is |)asse(l. 'I'lie lirst hot 
pressiiii* min.) gives the' ' doul)le 

j)ressed ' acid and the see ond lint |>rt*ssing 
ifj-ti min. givey the ‘triple ])reyse<l ' aciil. 
f.aeh grade is iiK'lted and l)oil(‘d witli sul- 
phuric aciil to improNc its colour. Ulti- 
mately the' product is cast into shibs hidiLsIr. 

ChtiN., T()2p, 21- /Ip*. If the raw 
material is of \'ery low gra<l(', the crud(‘ 
acids are purilic'd by distillation in vacuum, 
using I opper stills. 

fats are also s|)lit into tln'ir constituents 
b\ aulochi\ing them with wat('r, using 
certain ba.sic oxides like lime, magnesia and 
/inc oxidi' as catalysts 2-1. ])er cent, by 
wt. . Steam is admitted into the closed 
autocla\e aiul kept at a pressure ol* io(^-i20 

II) . ]^er .sf|. in. liu’ 10-12 hrs., when m*arh 
()o-pp per cent, ol fat is liydrob S('d. W hen 
the r(‘action is (omplele, the mixture is 
blown out into a tub, and the upj)er layer, 
after llie removal of sweet water, is mixed 
with dil. .’'sulphuric acid and boiled with 
steam in order to j)urify it. fat hy- 
drolysis can also be elfected without the 
iis(' of catalysis at higher temperatures and 


pressures. 

In the (|uinf(ucnnium ending ’38-39, the 
aveiagc' annual imports of stearic acid into- 
India amounted to 2,260 tons, valued at 
Rs. ').o lakhs. During the War a few 
Indian companies mamifaetiired stearic acid 
IVf)!!! tallow', oil [Madhuca /y/rZ/az), and 

hydrogenated oils. The quality, however, 
was poor. 'The acid produced was mostly 
used loi* tlie preparation ol’ aluminium 
st(‘arate, rezpiirctl f(»r waterproofing fabrics. 
Owing to heav y demand the prices of acid 
rose up to Rs. 3 per 11 ). 

Tannic Acid 

'rannie acicl or tannin is a constituent (»f 
several tannin bearing plant materials, 
s leaves, IVnits, bark, and soinetinu's also 
wood I . 'The j)ure a(’id, also called gallo- 
tannie acid or digallic acid, has the formula 
It forms a pale yellow, amor- 
phous powdi'T, readih soluble iu water, 
alcohol and aeeloiu', but insolubh* in ethei’. 
When lieatc'd, it (h'cornposes at 210'. lannic 
acid is strongly astringent, and has n'dueing 
])rop(‘i lies. It gives preeipifaies w ith It'ad 
salts, alkaloids and pioteins. 

In laimic acid or gallotanniii, digallol 
n'sidiK's an* ffnind ('ombined witli glucose. 
'The tec Imical product is a ycliow i.’-h white 
or light brown powder with a charac teristic 
odour. Souk* n)mmen*ial sami)les also eoii- 
tain gallic acid. flicv arc used onlv for 
to'lmiial purposes such as dyeing as mor- 
dant-, and manufactui'e of ink. I'Atracts 
of malc'iials containing gallotaniiins also 
may l)e us(*d for l(.*ehnieal pmposes. 

Tannic ac id of high purity is used for 
medicinal i)ur|)osc‘s. It is prepared from 
galls exerc’.scenec’ produced on plants when 
})uneturefl by inseetsi of v'arious species of 
(htcmis ^Oaivi and Rhus ^smnaeh). 'fJie 
tannin content of ihc'sc varie.s from 30-70 
t)ercent. The galls are exposed to moist air 
for some time, w hen tliey undergo fermenta- 
tion. I’hey arc then powdered and ex- 
tracted with warm water (30-60'’). 'riie* 
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filtered solution is agitated for soinr 
hours with one-quarter of its volume of 
ether. After a week, the a(|iieoiis layer is 
separated, and the dissolved ether distilled 
over. It is then concentrated to a syrupy 
consistency and dried in thin films, on 
steam-heated jdates or cylinders (Denston, 
A Text book of Pharmacognosy, ^flo). B. P. 
specifics that tannic acid, when dried at 
loo", should lose not Jess than ti per cent, 
and not more than i-j per cent, of its wt.. 
and should not yield more than fi.2 |)ei' cent, 
of ash. l.imils are also set for gums, 
dextrin, sugars and salts. 

Tannic acid is now seldom given inter- 
nally as it may interfere with gastric diges- 
tion. Its principal use is in the treatment 
of burns. Originally, a freshly prepared 
2.5 ])er cent, atpu'otis .solution was used, 
but recently it has been found that a .strong 
solution I, 20 per cent. ; containing also 
a little ol acridavin o.i per cent.i gives 
better results, 'raniiic a* it! jellies, used Ibr 
burns and scalds, usaially contain f, percent, 
of tannic acid in iragacantli together with 
antiseptics. A ij j)er cent, solution of 
tannic acid in gjyc<'rine is beiiefieial in 
follicular totisillitis. 

During tin* last War, the Coivt. .Medical 
Stores and some pharmaceuti<'al concerns 
in India pre|)ared tannic acid rerpured Ibr 
military hospitals from insrobalaus ; Yb- 
minalia t/uhthi. q. and .‘Voin imi)or»ed 
galls. 

The chief difficulty in extracting tanni« 
acid from tin* commoner tannin-bearing 
materials, su< h as mxrobalans. divi (iivi 
and sumach, is the remo\aI of the high 
proportion <^l' colouring matters and soluble 
non-tannins which mciir along with it. 
These may be e.xtracted with alcohol or 
acetone. From the n*sidue tannic acid 
is precipitated out as its lead salt, and 
regenerated by means of hydrogensulphi<le. 

Tartaric Acid 

Tartaric acid, (1,1 1, ,0,., occurs in the 


form of colourless crystals ( m. p., 1 70“), 
readily soluble in water. Tlie natural acid 
is dextro-rotatory, and occurs in .several 
fruits, either in the free state or in the form 
of acid potassium tartrate or calcium tar- 
trate. 

The acid is mainly used in the prepara- 
lifm of effervescent salines and beverages, 
in baking powders, in the textile industry 
mordant), and in ))hotography. Some of 
the salts, prepared from th<‘ acid, also find 
application in industries and analytical ]m»- 
c<“sses. 

Tartaric acid is a by-product in the pre- 
paration of wim; from gra])c.s. drudi' argol. 
which .separates out iluring the fermenta- 
tion of grape juice, contains (30-75 per cent, 
of potassium hydrogen tartrate. It is boiled 
with dil. hydrr)chloric acid and neiitrali/ed 
with milk of lime when calcium tartrate 
separates tmt. This is filtered, washed and 
decomposed by dil. sulphuric acid. 'Tarlarh 
acid crystalli/es out when the .solution is 
filtered and ct)ncentraled in vacuum 
pans. 

Tartaric acid is mainly prcpanxl in S|)ain 
and Italy. During the quinquennium 
ending q';'>-5q, the average annual imports 
into India amounted to about t2o tons, 
valued at Rs. 1.5 lakhs. 

Tartaric acid tuciirs in the pulj) of the 
Iruifs of tamarind tre<* (Yrtww/vWttv indicits), 
t») the extent of 12.5-15 |jcr cent., nearly 
halfofit in the liuin of potassium hydrogen 
tartrate. The chief difliculty in the extra« - 
tion of the acid from this is the formation 
«il a gelatinous or slimy mass when the 
pulp is boiled with water. 'This cannot be 
easily s(?parated by filtration. Siidborough 
and \’ridhachalam {.!. Indiav In\l. Sri., 
1920-21, 3, (it) have shown that if the pulp 
is autoclaved with water at i(3o' for one 
hr., the acid can be prepared by a method 
similar to tlur one used for its rrernery from 
wine lees. The yield of free acid is about 
ft per cent, on the w'eight of pulj), ami of 
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potassium lisclrogcii tartratr, 1.7 pt r cent. 
According to Marsdcii 1922, 5, 157^ 
J'crmcntation of jMilp hcfon* autorlavins 
slightly lii,i»*hrr \ i(‘lds. 

FARFRAIKS 

Potassium li\(lro,t»(:ii taitratf, also known 
as cream ol* tartar, is obtained by the puri- 
liralion of arufol. It is used in preparing 
baking powder. When neutralized with 
sodium earbonal(', it yic'lds potassium so- 
dium tartrate, known as Rochelle salt. 
Rochelle salt is used as a mild purgative, 
and is one of the eonslitiuaits of Seidlitz 
j)owder. Potassium antimons 1 tartrate, 
‘‘ tartar (‘inelie,*’ is preparetl by treating 
potassium acid lartrau* with antimony 
trioxidc*. It is not ]iow used as an emetic, 
I)ut has been Ibund \alual)le in the treat- 
ment of certain tropical diseases, sucli as 
leishmaniasis, iilariasis, (.‘tc. It is also used 
in the textile industry as a mordai\t. 
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ADHESIVES 

.\dhesives arc extensively used in a 
large number ol’ industries Ihr bonding 
surl'ac(\s. iVatnral adhesives include vege- 
table gums and resins, starches and dextrins, 
vegetable i)rot(‘ins, glue and gelatin, blood 
albumen, casein, etc. Shellac and rubber 
.ire also used lor making adhesives. 


Cium adhesives are extensively used in 
India mainly in the paper trade, in ealico 
printing, and in distempers and white 
waslies. These ar<‘ made (i orn water-soluble 
gums, like gum arabic, babul gum, cle. 
For ordinary purposes, a solution of the gum 
in 2-3 parts of its weight of water is found 
satisfactory, and often «S-io per cent, of 
glycerine is added, to a\T>i(l too rapid hard- 
ening of the gum film and to jjrevent the 
brittleness of the dried gum and filler. 
Such adhesives are stable and sticky, and 
])ale in eoloiu’. The\ spread easily and 
dry ([uiekly. 

Starch adhesi\'cs are relatively cheap and 
are extensively used for sizing and finishing 
textiles and paper, in calico printing, and 
in various other industries. 'The simplest 
tyfie of starch adhesixe is prepared by 
boiling starch witli w.iler and adding a 
little copper .ailphate in make it insect- 
proof. It is (‘xl<‘nsi\(*ly used in bookbind- 
ing as a general ad.hesive. When alkali 
is slow ly run into a thin suspension of starch 
in xvatcr and w'ell-stin(‘(l, a clear jelly of 
considerable strength is lormed. 'Phis is 
used in making wood or card boa rtl boxes. 
Starehes gelatinized by eoneentratecl solu- 
tions of certain salts, like the chlorides of 
<*alciiun, niagiiesiiiin and ziin*, are com- 
monly used in oHic e work. 

Dextrins, also known as xegiMablc gum, 
starch gum, British guru, gomnialine, etc., 
are made IVorn starehes by the action of 
heat, acids or diastase. When dissolxed in 
water they give bcMtcr adhesives than starch- 
es. Sometimes salts like sodium ammo- 
nium jihospliate are added to make the 
dried films elastic. Dextrin adhesives 
arc' exlensixelx usetl in postage stamps, 
stationery, papei-coritaineis, and in label- 
ling. 

(due ,(j. j)iepar('(l Irom slauglitcr- 
house wastes, i.s widel) used in the wood, 
paper and textile industries, and also in 
the mamifi\(‘tiir<‘ eP abrasiv** jiaper and 
cloth. 
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soluble in \\.\ifr; soluble in 
alcohol and eiher. (nadu- 
ally dec omposes in moivt air 
iihr'ivainn ac'etic’ acid. 


IMPORTS OF ACIDS INTO INDtA 
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Casein cements arc water-proof and arc 
lai^cly used in the manufacture of plywood 
for tea-chests and other purposes. Lactic 
casein is the only type at present manu- 
factured in India, but rennet casein is more 
suitable for adhesive purposes. The simplest 
casein adhesive is made from casein and 
caustic soda, but it is not water-proof. 
The addition of calcium hydroxide con- 
verts sodium caseinate into calcium case- 
inate and renders the adhesive water-proof. 
Barium and magnesium hydroxide may also 
be used in place of lime. 'I'lie working 
life of these cements is due to the alkali. 
Adhesives having a good working life and 
water resistance can be prepared b> a<l- 
ju.sting the proportion of lime to caustic 
soda. These ;irc suitable for w<^t-mix only. 

A suitable composition f(jr ca-sein cement 
has recently b(xrn developed at the Forest 
Research Institute, loo parts of casein in 
200 parts of water arc added to a solution of 
32 parts of lime in too parts of water. 'I’o 
this mixture is added 2 parts of sodium 
silicate (40" Be'.) followed by a .solution of 2 
parts of copper sulphate in 30 parts of 
water {Indian For. Hull., Series, No. 1 iti, 
'945, '2). 

In the inanu far lure of dry casein ce- 
ments, alkali is inlroduced in the Ibrni of 
the sodium salt of a weak acid, ((luoride, 
phospliale, borate, etc.) with or without the 
addition of an equivalent pro]3ortion of 
slaked lime. Sodium silicate may also lie 
used, but in this case the ingredients are 
mixed just before use. This salt lengthens 
the working life of the adliesive. 

Shellac adhesives consist generally of 
three types : (a) cements in solid form for 
melt or hot spray application, (/;) adhesive- 
pastes, and (r) glues and varnislies. The 
first type is prej)arcd by melting and mixing 
orange shellac and hydrolysed lac at iio- 
120”, to which are addecl fillers, such as 
mica, slate dust, carbon black, etc. Ad- 
hesive pastes are made by mixing hydro- 
lysed lac and fillers with cold or warm water 


in a putty mill. Small amounts ol m.ilii* 
and tartaric acids arc added as adhesion 
promoters. fhe last type ionsists of solu- 
tions of orange shellac in nu-thylated s|)iriis 
witli fillers and adhesion promott-rs -Fii/r 
Murthy, Phistvw^ *015' f) 2 |i. 

Shellac adhesiv<‘s possess high bond 
strength to smooth surl'ace, remain un- 
allecic'd by ageing, and have a high re- 
sistance to attack b\ iransIVumer oil and 
petroleum hydrocarbons. 'flu- extensive 
use of these adhesi\es is, liowi-vcu, limited 
by the brittleness, the low sotiening point, 
and the comparatively |)oor water resistant <• 
of shellac. 'These delicienc ies, howexer, 
may be ovc-rcomc- b\ .suitable mcKlifications 
of the adh(-sives. 

In India, the use- til shellac adhesixes h.is 
grc-atly dc*veloped during World War 11 
in the manufactun- of xarious laminated 
products from jute, paper, fabric , etc . 
Shellac' is also usc-d in the- manufacture of 
jute-fabric-laminales, c alled \Jutlac\ Mol- 
ten shc-llae is applied to the laminate- 
surface in a ('ontimioiis mann<-r with tin- 
help ol hot rolh-rs. An alcoholic sohilion 
of tile* rc'sins, obtained l)\' modilic ations ol‘ 
slieilae willi fonnaldc-hxdc- and urea, or for- 
maldehyde and melamine, ha\e also h(*en 
tric’d at the i.ai' Rc-sc-an h Institute* lor the* 
preparation of laminated hoard. The* hoards 
thus prc'parc'd arc* re|)oitc*d lo |)o.ssess re- 
markable meehanical and shock-resisting 
properties, in addition to low water ab- 
sorption Ififlif.u.. *dlh. 4i 

(binding wheels .oc- maiiiirac im cd l)\ 
the* ineorporatitm ol‘ ahrasivc powde rs in 
molten lac* and shaping tin- composition 
while* still hot and plastic . Some coated 
ahrayivc’s are also made* with '•lulhu ad- 
hesivc*s. Shellac is (he main consliluc-nt of 
scaling wax, and < (‘ineiits «in(l adhesives 
for joiiiMig smooth ‘urfat cs, like glass, mic a, 
metal plates, etc. Slndac adhesives an* 
alsc3 used in India in the manniactnre <;f 
various mieanile piodnets. 
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Rubbrr (.cnuMils art* of two types : the 
solvcnt-nibb(‘r type ami the latex type. 
'The former is made by dissolving pale erepe 
or smok(‘d sheet rubber in solvent na|)iuha, 
willi or witliout the addition ol' l}cn/.ed 
or carbon t(‘traeliloride. 'I’he adhesive pro- 
duced is tacky, viscous, and last drying, 
but i( is not xery strong and is, besides, 
inllainmabh'. TIk'sc cements ar(‘ now pro- 
duci'd foi’ us(' in India in tlie rubber in- 
dustry, including the manufacture of rubber 
soled canvas shoes. Messrs. 'I1ie Dunlop 
RiiblxM’ ( .(>. India lad. produce annually 
I ),ooo gallons of* rubber solution Ibr cyc les 
and motors, i f,,ooo gallons ol' vulcanizing 
solution, and gallons of upholstery 

I'ement and solution. 

I'hi* latex l\p(' is growing in importance^, 
espec ially owing to its water resistance and 
good (lexibililv . Ammonia is added as a 
stabiliser and this ty|)(‘ of adhesive is often 
compounded wiili other glues t(» increase 
iheii’ adhesive* propertic's. 

In the manufacture of* black adhc'sive 
tapes for electrical insidators, suitable cotton 
cloth is di|ip(nl in a solution of rubber latex 
and bitumen in mineral oil, dricxl, rolled 
and c lit into various size s. jMieouragccl by 
the* I)e|). of Supply, two firms started pro- 
diKiion in (iaieulta in and their 

output in the following yc*ar was estimated 
to be about p) tons 'valued at Rs. L>.f> 
lakhs:, a f|uantity sndicient to meet the 
peac e-time reciuirements of India /rhoinas. 
Rep. Mc'tall. & Mngng. Indusir., ip.| j, fid.'. 

During the War dmr to sluntagc* 

of casein, ( ('vtain adhc'sivcvs were devclojKxl 
at the* Forc'st Rc-seareh Institute, Dehra- 
Diin, from some oil-se(*(l eakc's and tlieir 
])roteins, cereals, etc. to nicrt the inc reased 
deniancls of the plywood industry [liuliau 
For. I.enfls., \os. 15 , i 6 , -P*, and 

(i^!. 7h<‘se were also used in the textile' 
and paper indnstric*s. An adhesive' pre- 
pared by suitably mixing groundnut pro- 
tein, lime, sodium silicate-, and copper 
snl[>hate wa '. lonncl to jn^ssess good dry 


stivngth and satisfactory water resistance • 
(/A., No. f f),'. 

( 

Synthetic adhesivi's prepared from syn- 
thetic resins are of' recent origin. Of thc.se,. 
adhesives made from phe'iiol-formaldehydc' 
and ure'a-formaldehydf! resin an: the 
most im|)e)rtarU. The uniform epiality and 
(‘omposition of synthetic adhcsive.*s emablc a 
standardized gluing technique. I'hey are, 
be*sides, easily moelified to meet the special 
recjuircments of any partieailar industry, 
'fhey give* moist urc'-proof joints, resistant 
to elu^mieals, fungi, and insect attacks, 
'riic'se arc greatly in demand in aircraft, 
shipbuilding anei allie^d indnstries. In 
India, small (|uantitie*s of imported 
thermoplastic synthetic products an* 
used for j)r()ducing special type's ol 
plywood. 

AERATED WATERS 

.Veralc'd waters consist of i:arboiialc(r 
water, containing small amounts of ininerar 
salts. Usually, the.! chlorides and siilpitates 
ol' sodium potassium, inagnc'siuin iiml c!aU 
eium, sodium carbonate and phosphate, and 
sometiine's also lithium chloride are used. 
Soil drinks, such as lemonade, orange ernsh, 
ginger be'cr, kola, and raspberiA j an' pre- 
oared bx carbonating sxvc'etcme’d xvatc'rs, 
suitably fiave>iir('d and coloured. 

The xvater to be used, uiih'ss i( is already 
filtered and trealc'd, as from a city supply 
pipe, should be purified and ( hlorinated. 
A Jiard \vat(*r, especiallx* r)ne eiwing its 
hardness to calcium sulphate, is best suited 
to soda xvater manufaetiirc'. I'he addition 
of certain sails soda salts helps in the 
rc'tention of c arbon dioxide in the form of 
biearbonates. Soft xvater is used for sweet 
drinks. 'This enablc's |)roprr blcrnding ol' 
the constituents. 

"I'he larger fac tories |)rodiice pure carbon 
dioxide in generators by the action of sul- 
phuric acid on .sodium bicarbonate. Small 
concerns make' use of steel (*ylindcrs of com- 
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pressed gas. A l>2 lb. ryliiulcr is siiiru ienl 
to carbonate about lOO do/. Ixittles of soda 
water and about 150 do/, bottles of sweet 
.drinks. 'The gas obtained IVoni sodium 
carbonate, being purer, giv(‘s a b(Mler taste. 

(lane sugar forms the basis of all sweet 
drinks. It is partially replaced by sac- 
charine, which unlike sugar is non-fer- 
nientable, and is more economical. Small 
(juantities of glucose and golden syrup, and 
a little citric acid arc also added to improve 
taste. The other acids thus used are tar- 
taric, phosphoric, lactic or malic acids ; 
blends of two or nion* ac ids may also l)c 
employed. 'The acids impart cliarac iiaistic 
taste and ' sharpness ' to drinks. 'They 
should l)e of edible grade, free* f rom na tallic 
and arsenical contaminations. 

l^ssenccs and csstaitial oils, and soinc- 
tinies also alcoholic cxlrat ts and fruit I'on- 
centrates are used to flavour tlie drinks. 
Some aerated water ('olour powders of 
doubtful quality are being manufactured 
at Amritsar, from imported dyes and desic- 
cated sodium sulphate Indian lanlf 
Bd. Rep., Butter dolour and Aerated Water 
Powder dolour Industry, 

Several varieties of b<»ttlcs lia\f l)eeu 
iKscd in the industry, ( ’odd's niarbh* stop- 
pered bottles w(‘re formerly usedextcnsivclx, 
but the.se have been replaeed now by plain 
erown-corked bottles, whic h are luorc' easily 
cleaned, 'fhese are made of strong glass, 
md can withstand high pres.suiv, and tin* 
cork consists c>l' a laccpicrcd tin-plate disc* 
with a corrugated edge Ibr the gri]). It 
is lined with eork, and has an oil-|).iper 
intercept to prevent the licpiid Irom touching 
the metal, 'flie bottle is .sealed by pressing 
down the crown-cork inlc.) the* l)()ss on its 
iicTk. The average annual imports of 
soda water bottles during the (|uin(|iu*n- 
nium ending '38-39 uere 3f),9;)0 gross, 
valued at Rs. (3 lakhs. 

In the manufacture ol aerated water, all 
forms of contamination— chemical, metallic 


and bacteriological must bc^ sc l upuloiisly 
avoided. Sample's from water mains, sckLi 
tank, lemonade tank, etc., slionld l.)c pi'riodi- 
eally tested I’or chemical and bactcriologii al 
purity. Metallic contaminations ar(‘:i\oid- 
cd by tinning all the cylindc'is and usiiu» 
only |)Ipcs matlc* of tin. 

'i'hc’ w ater used, after being c liloi liiated 
aiul mixed with salts, is c'hillcd to almost 
frec'/ing tcunpcraturc' b\ the c\|)ausion of 
carbon dioxide, and is thc*ii carbonated 
uiidci* prcvssuri*. In the ‘ Rilew ’ [)atc-nt 
automatic carboiiator oi‘ soda water com- 
pressor, c hilled water is puinpc'd to the top 
of the cyliudc'r. It is sprayed down when it 
dissolves carbon dioxide' which is fc'd from 
the bottom. riic' pressiiic* inside' the car- 
bonating cyliudc'i* is iL»f,-jf)0 lb. sf|. in. 
for soda watc'r, and 7", -100 lb. s(|. in. for 
swc'c't chinks. 

The- c arbouati'd watc'r is i)re.ssurc*-lillcd, 
piior to bottling in an automatic* rotary 
multi|)lc'-lH‘.ad iilling inachiiu'. In these' 
mac hinc's, an upper cylinder is c harged with 
the carbonated li(|ui(I, and bottles arc led 
underneath, on a rotating plallorm to 
opc'iiings which lit tight into ilic bottle' 
months. I’hc! air in the bcjtllc is cxpcilc'd 
thr«>ngh a \ alvc' into the* top c»l the Ic’c'ding 
c\lindc*r, and is disc harge'll automatically 
through a \ alvc. fhc' Iilling is doin* under a 
fairls' low prc'ssurc without much loss of 
gas. 'fhe bottlc-s, ;d\c*r being fil!c*d, arc 
antoihatic alb fed to (lie e uppiiig side, w here 
thc*\ arc ciow ii-c’(»rkcd. 

I'dr the* inaiiulactnrc c»l swccl drinks, 
>\in|) is prepared b\ bc»il»ng sugar 
pc*r c c'Ul. with water after the* addition ol 
small quantities of’ sac charinc and golden 
syrup. It is then c:oolcd and mixc'd with 
acids, llavonrs, ((»l<»nrs, e tc . flic- llaxonic'd 
syrup is led to a s\ini)ing unit, lill(*d to the 
automatic machine, and ble nded ' (d. 10/. per 
bottle) w ith cai bonatcd waicrdniiiig filling. 

In smaller i'acloiics. watci is coolc'd by 
passing it through a (c»il rsc'd in ice. 



I KK \VKAi;j'H OF INDIA 


( ’.arboii (lioxidt* IVoin a c\ Under, alter being 
filtered ihrongh a solution ol polassiuin 
perinangaiiale, is Ibri ed under prt'ssure into 
llic* ( arijoiiator. A rotary inarhine is used 
lor filling, and the carbonated water is in- 
trcKlneed int«> the bottle in siieeessive stages, 
the air being released through a \ alve. File 
lilled bottles are then tapped in a se|)arat(‘ 
inaeliine. A single multi-purpose* hand- 
opeiated mae hine is eeriployed in \ rr\ small 
( (incei ns. 

\l is es>eiuial llial timing hlling, air is 
e\pt*lh*d eoinpleleK Irom the* bottle. Other- 
wise, being nuu h less soluble in water than 
carbon dioxide, air will rush out when the 
bottle is opened, with tin* drink l)<*eoming 
Hat soon. 

hottle-washiug is (tl tin* utinosl import- 
ante* in aeratetl wate*r faelories. In larger 
lat te)ries, bottle's are eleaned in auttunatie 
pow(*r-dri\en maehirie's using a good eaus- 
lit detergent. These dete*rgents gene*rall\ 
ecuitaiii sodium carbonate, silicate, and hy- 
(Iroxidt*, and trisodium phosphate. In sinall- 
e*i eonee*rns, botth*s are* se)aked in a solution 
of w ashing sexla, brushed, and treated with 
a solution of p(»ta.ssiiiin ])(*rnianganate to 
disinreet them and rinalh washe^d with 
fresh wate*r. 

.\utomaii( inae hint's capable ol turning 
out iu’o-i |e» do/, bottle's per hr., are iin- 
porte'd, ine)stl\ from the* C ’. K., and the 
average annual imports eil seula water 
mae hines during the* (|iun(|uennium e’lidiiig 
we're* \ ahie*d at Rs. ;d),f)Oo. Smaller 
machine*s of capaeitN S-fSo do/. begtU's 
per hr. are made in India and their prices 
\ ar\ from Rs. ;^oo to Rs. ‘^f)0<». 

.\erated water facltuies an* fouiul in al- 
most all the big cities. A few large eem- 
( erns in (Calcutta, lioinbay and Sladras 
|)roduce ox er i(),ooe) bottles per day, and the 
largest of these has an output ofabont 72,000 
bottles per ilay. besides these, there are 
numerous small concerns, V)oth in cities and 
in smaller towns, turning out dozens of 


bottles per day. In general, more than 50* 
per rent, of the output consists of soda water, 
and tlu* rest, of sweet drinks. Production 
is easily switched over from one to the other 
acc ording to demand. 

The output is generally controlled to meet 
immediate local demand. Hence, in this 
industry the problem of spoilage is not serious. 
'I'lu* spoilage, when it occurs, is mainly due 
to yeasts, since acidity inhibits most types 
of bacteria. The source, of these yeasts are 
sugar syrups when not sterilised, eontami- 
nated pipe lines, and improp<*rly washed 
bottles. Hc'sides, light and chlorine bring 
about certain eheniical changes, if the water 
nsc<l has been i hlorinatcd (von l.oesecke, 
Long storage leads to llatness, owing 
to esea|H* of gas from imperfectly capped 
bottles. 

AGARBATTIS 

'Flu* burning of incense in religious and 
social fiinetions has been praetisc*d in India 
since early times. D/iu/>, an aromatic 
powder or paste, is burnt in Indian homes 
as a fragrant fumigant, and is reputed to 
|jo.ssess inseetieidal and antiseptic proper- 
ties. Agarhatii.s\ also known as udbattis^ 
.similar to joss-.stieks, are a development of 
(IliUl). 

Several armnalie woods, roots, barks, etc,, 
cs.senlial oils and synthetic aromatics, resins 
and balsams, arc used in the prc])aration 
of (ifffirhattis. 

PKI.NC:iPAL INGRFDIKNTS USFJ) IN THK 
PRFPARA'FIO.N OF ACARBATTIS 


Wiuxls . . 

. . Ai^ar, black {Aquilaria uoallocha) 


Sandal [Santalum album) 

Rfiiits 

CnsUis {Saussurea lappa) 
/lapurdcachri (Hedychium spicatum 


Surnhal ( Xardostachys jatamansi) 
Vetiver ( Vetiveria zizunioides) 

Barks 

Cassia {Cinnamomum cassia) 

Ci nna mon f Ci tmamomum rjylani - 


rum) 



AGRICULTURAL IMPLEMENTS 


Leaves . . 

I' ' 

Flowers 


Seeds 


Gums and resins 


i Miscellaneous . . 


Tiller 

\ 


Patchouli {Pogoslemon heymanus) 
Himalayan silver Jir {Abies spp.) 
Marjoram ( Origanum majorana) 
Rose buds {Rosa spp.) 

Champak {Mithelia chamfmka) 
Cloves {Eugenia caryuphyllata) 
Cardamom {EletUuia rardamom- 
uni) 

Macc ( Sfyrislica fragrans) 

Myrrh {Ommiphora spp.) 
Olibanum {Roswel/ia carta ii) 
Ben/.oin {Slyrax benzoin Dryand.) 
Storax ( lAquidambaroruntalis Mill.) 
Halmaddi {Aitanthus rnalabarlcum) 
Charcoal 
Saltpetre 
Colours, etc. 

‘ Wood purn,* Maida ki iakdi 
(wood of Litsaea sebiftra) 


Agarbattis arc usually made in the form of 
sticks, varying in length from 4.3-1 6", and 
in diameter, from Vnri"- The purifietl 
resins, essential oils and fixatives are mixed 
with powdt'red fragrant woods, other aro- 
matics, and water, and ground into a fine 
paste. Sometimes aniline colours arc also 
added. ‘ Wood gum ’ is then mixed with 
the paste and kneaded. Usually, the raw 
matei'ials arc powdered and ground by 
manual appliances. Some concerns also 
use mills. The resulting hard paste is 
coated on bamboo sticks, cut into thin 
lengths of the required si/e, and rolled by 
hand on a smooth plank to suitable ihick- 
nc.ss. During rolling, colours, sandalwood 
dust, fumigating compounds, etc., are added 
to give them even finish and a})pearance. 
The rolled sticks are dried in shade, and 
packed in small bundles. 


TYPICAL COMPOST l'TON OF AGARBATT! 
OF MEDIUM QUALITY 


Sandalwood 

(iVr tent.) 

Black agar 

. . 20 

Vetiver 

3 

Kapur-kiichri 

.• 3 

Leaves and flowers . . 

. . IO 

Olibanum or myirh . . 

. . 20 

Charcoal and other ingredients 

. . IO 


To this add 25- ^^5 per cent, of 'wood gum* 
PQW'der of not less than 80 mesh. 


Agarballis are obtainable in diffen'tu i oU 
ours, and with dilfcrcnt perfumes. 'Flic 
burning time of an agarballi varies from 15= 
min. to 3 hrs., according to cpiality and si/.<\ 
Agarbatti is also obtainable in other forms, 
such as, dashang (sticky paste or powder), 
deep (cones) and dhitp^ tablets, etc. 

AgarbatlirmAVm^ is a cottage inclusti'y 
in Mysore State, and, Madras and JJombay 
Provinces. There are about 200 coticcrii.s, 
more than lialf of wliich arc located in 
Mysore State, chiefiy in Bangalore. M)-sore 
City, Madras City, Poona, Pandharpur and 
I’anjorc are the other prominent centres of 
production. Nearly 10 thousand .skilled 
workers, mostly women, are employed in 
the industry. 

About 75 ijcr cent. ofthcfl;'rtr/;rt///.y tnatui- 
factured art; of cheap c|uality eonlainiiig 
«»iily charcoal powder or low quality sandal 
wood powder with a mixture of 50 per cent, 
of ‘ wood gum ’ powder. Clieaj) perfumes 
arc used to give them a top note. In superior 
varieties, e.s.scntial oils, purified r<;sius, nal> 
ural fixatives like amber, musk and civet 
arc used along with synthetic aromati<;s. 
Absolutes are used in the costlier types. 
Before tlu; last War, agarbatlis of medium 
quality used to be sohl at Re. i to Rs. 1-8 
pt-r lb. and now they aic sold at Rs. 5 to 
Rs. (>, hut the selling price of high class 
agarbattis has risen from Rs. 40 per Ih. (o 
only Rs. (io. 

Agarbattis are useil liy many eonimunitie.s 
in India, Ceylon, Burma, and hy Indians 
residing in Africa, Malay States, Dutch 
East Indies, etc. Before the War, there was 
also a small demand for them in the U. K., 
the U. S. A. and Canada. 


AGRICULTURAL IMPLEMENTS 

Agricultural implements include ploughs, 
harrows, clofl-crushcrs, etc. In India, the 
farmer himself makes most of these imple- 
mcnt.s, out of locally available timiiers, 
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.somclimcs vviili the help of the village 
blacksmith. 'I'hc strongest, toughest and 
hardest woods arc .sehreted, and tlie follow- 
ing is a list of such woods : Acacia arabica. 
Acacia catechu, Anogeissus latifolia, iiassia Jistula, 
CMoroxylon swietenia, Dalbenjia sissoo, Diox- 
pyros melanoxylon, Mesua ferrea, Ougeinia flal- 
hergioides, Prosopis spicigera, Pterocarpus spp., 
Q^ercus spp., Schleicher a Irijuga, Sharea robust a, 
Tectona grandis, Ayliaapp., and Zi.zyphux jujtiha 
(Trotter, 1940, iyi ; 1944, 192).' 

Thi“. (Icmaml for agriiultuial inipUMiu-nts 
made of iron increased greatly after tin* first 
World War. Thc' Agrieo Ltd., tlie first, 
and even now the only modern fa( tory for 
mass produetion of edge tc»ols, was estali- 
lished in 15 y about there \v(‘re 

nearly ten large eoneeriis in India prodiieiiig 
agricultural implements, and the produc- 
tion of pick-axes, shovels, liocs, Inncrali^^ 
kodalies\ etc., was large enough to meet a 
substantial portion of India's demand. 'The 
implements now made in India arc ploughs, 
harrows, sickles, hoes, shovels, pick-axes, 
digging forks, kodaly forks, mamtv forks, 
felling-ax<‘s, pruning knives, etc. Out of 
about 200 varieties of edge tools made in 
this factory, various kinds of picks, hoes and 
felling axes are ext<-nsivcly used by agri- 
culturists. 

'I'he factory g<*ts its steel supplies from the 
Steel Works at Jamshedpur, who roll them 
in sections suitable* for various tools. Thcr 
steel used is of high carbon f|uality fcarbon 
content of steel : for })icks, o.f)0-o.fio ; (or 
lines, o. [f,-o.()0 ; octagons, ^ 

sqiian\s, o..|3-o.r,f, ; and flats, o.()0-o.7f) j)c*r 
cent.).. Pick-axes iiiainteeV) are made out 
of bilJets I?" 1% -. 1 " i\\ and 

hnrrahs are made out of hoe bars of }/\ 
and thickness and di", 

width. Hammers of various weights and 
types are made out of S(|uare sections of steel 
liars. Kciruig axes, crow-bars, chisels and 
meat chojipers arc made out of Hals and 
octagons. The village* blacksmiths arc un- 
able to ns(* quality steel owing to its high 
cost, and iiv ariably use scrap. 


Machinery required for the manufacture 
inrlude forging machinery, consisting of 
jmcuinatic hammers, spring hammers, and 
the usual smithy tools and accessories, 
grinding and polishing machines, electric 
furnaces for tempering, welding plant, 
machine shop equipment, etc. 



MAKI\<; A PICK 

(.'luilt'sv of l/if SufiL, .irjittt jfiitfi\hriili’ir) 


Picks arc made out of ))ick bars wliich are 
first sheared into ])icccs of suitable weight 
and length. 1’hc blanks are heated to 
about looo’ and the eye is first forged on a 
200 ton Bliss electrically driven press, fitted 
with a set of eye forming and trimming 
dies, riie liisl operation punch imparts the 
rough shajK* of the eye to the blank and 
dra\^s the metal for forming I he eye under 
ihf^ seiond operation punch. The fins and 
slugs formed ;it the* top and bottom of the 
eye arc reinoxed l)\ trimming. The eyes 
are* tlien rehrateel and both enels elongatcel 
ace'ording le) I he shape irquirexl. About 
1.I-2" of the flat and pointed ends of the 
jneks arc ground to give sharp edges <aud 
point. To ensure* lemg life*, about 2" of 
i>otb ends are hardened and tempered, and 
the hardened ends polished. Finished picks 
are* finalh varnisheel or |)ainle"d. 

Powrahs or kndalis arc made emt of hoc 
bars }/ wide and thick. The blanks 

are cut on a .shearing machine according 
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to the weight oi* the fHnvruh. 'riiey an' 
heated to looo" and rolled oik; by one, under 
a pair ol’ reciprocating rolls, to the ref|uirod 
lengtli. An eye is tlien j^iiiu'hed in the 
blank in a 7 Cam press, and su peril nous 
metal trimmed. The. powrah is then eurved 
and stamped. Powrahs so ibrged are sent 
to the grinding machines where about 2" 
of the edge portion and tin; burrs on the 
sides are ground. The edges are then hard- 
ened, tested, varnisheil and painted. 

Felling axes ;m; forged out of flats 
X 1") which are first sheared to the re- 
quired weight. 'The blanks an' heated to 
1000", and the eye formed under a press 
using suitable dies. The taper on the 
section is obtained by flattening out tlu' 
metal under a jdating hammer. I'inaliy, 
these forgings are linished by liand to 
remove unevenness ol surlaeo and ol the 
eyes. The forks are then sent to the 
grinding section for grinding the edge sharp 
and for removing buirs. d1iey are finalK 
hardened, t(\sted, |)olished, and varnished. 

Implements, such as, tea-garden tools, 
shovels, and knives, are not yet being mad(‘ 
on a large scale. 

A large portion of the country's require - 
ments cf agricultural tools is met by .Agrieo. 
The production ol’ a lakh of tools reejuires, 
on an average, 3r)0 tons of steel bars and 
sections. IJcfore tin; last War, tlu; lae.toi y 
was using f),ooo Ions of steel annua IK , 
producing about 12 lakhs of tools. During 
the War, this faelory, working three shil'ts 
a day, produced annually lakhs ol 

tools from 10,000 tons of steel. Agiico's 
entire production of pick-axes f()0,ooo jx'i 
month) was reserved for the Supply' Di'p., 
but the production of hoes (1.10,000 ])er 
month) was not controlled except for the 
supply of .steel. Skilled and unskilled labour 
necessary for producing a lakh of tools j)er 
month is about 300 men per day. 

The desi plough consists of a wooden 
beam, a wooden handle, and a standard 


fitted with an iron piece at its eiul, whic li 
acts as the cutting (*(lg(‘. I’lu' plough is 
of the ripping type ; it bi< aks the soil 
without inverting it, and makes a furrow 
about .[}/ (h'ep, ami wid('. 

Iron jiloiighs \v(;re put on the market in 
i()oi by Messrs. Kirloskar llros. (Kirloskar- 
vatli, Satara Dist.), but these did not sell 
for a few years owing to (heir cost; and the 
eons('rva(ism of llu; fanner. They are 
now being manufaetiired by several firms, 
the most important of them still being 
Messrs. Kirloskar Bros. A mmiber of types 
have been developed for diUcn'nt soils, and 
tlu'se n'cpiire 1-4 pairs of l>ulloeks aet ord- 
ing to si/e and weight. TIk' furrow capa- 
city vari(‘S Irom in depth, and 4^^ 

-itf' in \\i<llh. bight plouglis are used lor 
light soils ami h('a\'ier tyjies |l»r inigatecl 
land .01(1 bl.'iek-eolton soil. 

Steel ])loughs an; usually of mould-hoard 
tyiu*. riie sliare and tlie mould-board an* 
its most ini|)or(ant parts. Ihr former is 
gem r.illy made; of high carbon steel (carbon, 
0.5-0. t) pei* cent.) and its eutting edges 
should b(' thoroughly chilled to a depth 
of about ' s" to make them hard and wear- 
resistant. riu' shares are also jiolished to 
less(‘ii IVietion. The' mould-board which 
turns up the soil is also made* of steel (carbon, 
0.5 |)er (’em.) and is polished. The share and 
tlu' mould-board are lilted to tlu* body of tlu' 
plough, biiill of mild si(*el flats ami 
roiimis. 

Other agi ic ultural impleimaits ami m.*i- 
(hiiK'iy made by fiidiaii inanuliieliirers an . 
(li.se* harrows, scrapers, hand eu It i valors, 
sugar earn' ei ushers, dc'eorliealors, ehalf 
eiilU'rs, etc. R(T.enlly the Aircraft Factory 
at (iluirpuri, near Poona, has been IcMsed 
by the' (Government to Me'ssrs. Pashabliai 
Patel & (Go., for a year, for the maniiraetiin' 
of power-driven ploughs, harrows, etc., 
to be worked with tractors pureha.se(l from 
British and American war surpluses (lu/sf. 
Fxonnmht^ Tj ^^)- 


4:1 



THE WEALTH OF INDIA 


AVERAGE ANNUM, 1 M 1 * 0 R 1 S OF AGRICliLTURAI. 
IMI’LEMKNIS ANO MACHINERY 

(Lakhs of Rs.) 

Agricultural machinery 


In qninr|urnniiiiii' 
ending : 

Inijilc- 
iruTils { 

IMotigh.s 
& parLs I 

Trarlors 
^ pirts 

Olhrr 1 
sorts 

Total 

». *33’ 34 

R.i 

>•3 


a .8 

•j.a 

.. 'sfl 39 


1.7 


4-3 

I r.6 

.. ’43— 'll 

a-4 

1.3 

>3.4 

i.H 

if 1.4 

In ’4t— 45 

y -3 

03 

«.3 

I.I 

f|.fi 

N ’4r)-4<> 

/ 

2.3 

i.i 

22.3 

32 

sfi.d 


During (hr, (|uinquc;nninm ending ’ 3 J 5 - 39 , 
the U" K. supplied 65 per cent, of agricul- 
tural implements, and f,G per ct-nt. of 
ploughs, imported into India. 

ANNUAL E.XHOK l'S OF SOME AGRIL’UL lURAL IM- 
I*LKME,NI IS FROM TME U. K. TO INDIA 


(i\ti. in tlioiisand.'i and val. in llioiisand pounds) 



In f)!jim|nfnniuiii 
[ eliding '39 : 

1 

No, Val. 

In (piimjiterinluia 
ending '4 1. : 

No. \'al. 

I'orks . . . . ^ 

."i 

ir» 3.0 

SliiovrW am! spades 

ii\2 13.3 , 


Scytlies and others 

19 :j 

2i|.o 

Ploughs 

(-•fj tons) L'.ti 

1 
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AIRCRAFT 


Aircraft manufacture is a highly special- 
ized industry. It involves the use of more 
than 1,000 different types of raw materials, 
the most important of which arc strong 
light alloys, .such as aluminium and mag- 
mtsium alkiys and wood. Others are rtcel, 
nickel alloys, brass, rubber, fabric, tiipes 
and cordag", plastics, dopes, adhesives, 
paper, paints and varnishes. 


Over three-quarters of the weight of 
the frame of a modern aircraft consists of 
aluminium alloys {vide Aluminium). These 
alloys combine lightness with extraordinary 
strength and rigidity. Aluminium casting 
alloys, containing zinc and copper, arc 
used for general casting work including the 
acro-engine (cylinder heads, pistons, crank- 
cases, etc.). The Rolls-Royce Merlin XX 
aero-cngiiic contains 43.6 per cent, by 
weight of aluminium alloys. Wrought alu- 
minium alloys, of the well-known dura- 
lumin type, are used exclusively in the form 
of .sheets, sinps, girders, rivets, etc., in the 
construction of aircraft framework such as 
ribs, beams, wing skins, fuselages, etc., 
whore a metal with very high strength- 
weight ratio is required. Duralumin has 
roughly the same strength as mild steel and 
a third of its weight, lihulcs of most metal 
propelh'rs are made of aluminium alloy 
forgings. Besides these, many complex 
aluminium alloys, such as the R. R. alloys, 
are used for forged pistons, and commer- 
cially pure aluminium sheet for non- 
structural parts (cowlings, wings, tanks, etc,). 

During the last .\Var, the liuliau Alumi- 
nium Co. Ltd., Belur, installed a plant to 
produce about 20 tons of duralumin sheets 
per month. I'hc Aluminium Mfg. Co., 
Calcutta, have done considerable work on 
the casting of aluminium alloys, and 3 or 4 
firms including the Hindustan Aircraft Ltd. 
arc also capable of doing this work. Alu- 
minium wire is being made in India, and 
some Ordnance Factories have equipment 
for extrusion and forging work. 

Magnesium alloys, containing up to 
about Ti per cent, aluminium and small 
amounts of manganese and zinc arc the 
lightest structural alloys known, being two- 
thirds the weight of aluminium. They 
po.ssc.ss excellent maciiinability, toughness 
and fatigue endurance, and have a high 
strength-weight ratio, 'fhe-sc arc extensively 
used in aircraft engine castings, instru- 
ment housings, landing wheels, under-car- 
riage members, miscellaneous structural 
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parts, forged air-screws, petrol and oil tanks, 
and interior fittings, etc. 

Other metallic parts are made of alloy 
steels and copper alloys. The use of stain- 
less steel is increasing rapidly owing to its 
great strength, extremely high strength- 
weight ratio, high resistance to corrosion 
and adaptability to production methods. 
Pilrc copper is also used chiefly in the form 
of tubing for fuel and oil lines, ignition wire 
and other essential parts. 

Next to light alloys, timber is the most 
important raw material used. Aircraft 
timb<rr must be of the highest quality and 
should t;onrorm to \’ery strict spcrcifications. 
It should be perfectly straight-grained, with- 
out knots or defects, and should be very 
carefully selected and kiln-drietl. Moisture 
content, on which depends the strength of 
the wood, should be properly regulated. 
Special aeronautical grades of birch {lirlula 
spp.), balsa {Ocliroma lagopux Sw,), Sitka 
spruce [Picca silcheiisis (Hong.) Carr.l, Doug- 
las fir, etc., which combine toughness and 
lightness, are used for general structural 
work, like spars, ribs, longerons, etc., for high 
quality plywood, for propellers, for linings, 
and for targets and model aircraft. For 
the main members, viz-, spars supporting 
the wings, longerons supporWng the fuse- 
lage and tail members, otdy tlu^ best selected 
North American Sitka spruce is used. This 
variety is iirefcrred to be.st alloy steel and 
duralumin owing to its higher strength- 
weight ratio and also because it can be 
obtained in clear, straight-grained pieces of 
large size and uniform texture. 

Indian spruce {Picea mor'inda) and Indian 
fir (Abies pindrow) hav'c been found to con- 
form to aircraft .specification for Grade A 
materials. Selected pieces from the lndi;ui 
spruce are stronger than Sitka .spruce in 
bending and compression, but slightly 
weaker in brittleness, and yield up to 10-12 ft. 
of aircraft cpiality timber. Indian spruce 
may be used in place of Sitka spruce, but 
very strict supervision is neces.sary during 


its felling and conversion. Considerable 
quantity of Grade B material can also 
be obtained from this timber. But it is 
difficult to obtain timber of sufficient length, 
completely devoid of knots and defects, and 
hence it cannot be used for the c(»nstruction 
of spars for wings. Investigations at the 
Forest Research Institute have proved the 
suitability of certain Indian light hardwoods, 
such as Mkhelin rxirtsa, Polyalthui fragrans, 
Michelia rliampnca, ('.anarium aiplivllum ami 
Phoebe goalparcnsis for this pur[)ose. The. 
first two timbers are the nearest substitutes 
for spruce ; the next two woods are good lor 
Grade B material, atul, il' properly .selected, 
also for Grade A material. P/iorhi' goal- 
parensis is good, but it is somewlial hea\ier 
than Sitka S|)ruce. 

For |)lyw()0(l re«|uired for coveiing body 
framework and wing surface, special air- 
craft (juality timber such as birch, and 
maple (Am spp.l, is used in Kurope. Indian 
substitutes are Dhlwpns rlliplitfi. Zatithovy- 
lum rhetsa and Dulhergin lulifnlhi. Other 
woods mentioned as j)robablv suitable are 
Po/yalthia fxigraiis, Ji/glnns in/io, Phoebe gonl- 
pmemis, Dalberghi \is\oo, Maelii/iis maeri/nlltii, 
'lerminalia myrinearpo, Maiig'ifera indica, 
MidieHa spp., (diuhrusiti tabultuis, Himalayan 
maj)le (.!(."/ rnmpInHii), aiul Diplerocarpiis 
inacioaupit.s. At present tjuly two firms, one 
in the U. P., and the other in the South, 
are rapalde of mamifaetming aircraft 
(pjality [jlywooil. 

Airscrews are generally made from lami- 
nated blocks made ot walnut and mahog iny. 
In many cases, compreguafeil wood is 
used. The best Indian timbers for this 
purpose are of Plerontrpus dalbngi'iidei, Arlo- 
carpus hirsula, (‘hudrndn tfibuimi’i, Mielirlia 
ehaiiipdCii and Phoehe goal pa it ns i\ ( IVotter, 
MfPJj 1 .')'-^; Iblb : ^'ide also I.imaycr, 

Indian i'or. Pee., .Wic .S'/t/m, f'li/.. icip.', 
2 , iWi). 

(.lotton fabric is u.sed for < overing fusi lage 
wings and (onlrol surfaces, and tape l<)r 
covering stitches and for reinforcing and 
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biiicling. Dope whuli is applictl lo tin' 
ouln- i'abru: for tiKliltMiiiijif, stiriiKthciiing, 
iiiicl waterproofing is a heavy solution 
made from celhiiosi; nitrate or cellulose 
acetate base. 'I’lnr nitrate dope is generally 
used, but the acetate dope on account of 
its fire-proofing (piality, is employed for 
the finishing coat. 

'I’hcrc anr two types of aircraft manu- 
facture : factories which turn out com- 
plete planes, and a.s.sembly jjlants, building 
planes from ready-made units proiluccd by 
others. Only very big concerns come under 
the first category, and the bulk ol mami- 
facturers belong to the second. 

Ma.ss production is not always pos.sible 
in this iiidustrv owing lo the small volunnr 
of turnoyer, and the great variety of models. 
Machines «)f huge si/e are built with a high 
degree of |)re<'ision and yv •rkman.ship. 
Manufacturers are leluctant lo start ma.ss 
production on account ol fretpieni changes 
in design. 

In the manulaclure of an aircraft, de- 
sigtiiiig is the first step, and this depemls 
upon the iiurpose for which the machine is 
built. The main types are military planes, 
light commercial planes, private and birsiness 
planes, and airline traiLsport planes, and 
each of the.se groups is composed of nnme- 
rons sub-types. Tor tin* present, in India, 
tin* (lovernmenl intend to use f<)reign 
ilesigns for the .Air Force. These yvill be 
replaced hilcr by- designs developed locally. 

I’he main ])arts < f an aircraft are the 
yvings, the fuselage, poyver jdant including 
the engine, propeller, petrol and oil tanks, 
the tail grotip incltiding the vertical fin, 
the rudder, stabilisers and elev.'ilors, the 
landing gear and all acce.ssories. J'.ach 
of tlie.se is assembled first, and during the 
final assembly the major ((:mponeut.s arc 
put together, the order depending greatly' 
upon the design. 

Although three lactorie.s were set up at 


Ilangalore, Barrackpore and I'oona lor th< 
manufacture of aircraft during the last 
War, there yvas no production at the end 
of the yvar, and the future of the industry 
was uncertain. In ’4(1, the Clovernmcnt 
of India retiucsted the British (iovf. to send 
a \1is.sion to advise them on the establish- 
ment of an aircraft industry in India. On 
the recommendation of the Mission, the 
(Joy'crnmcnt selected the Hindustan Air- 
i raft Ltd., Bangalore, lo form the nucleus of 
the industry (Rep. I'.K. .Xircraft Miss.. 
i 94 (i). 

This factory yvas the first to be istablishcd 
in India (Dee. ’40) under the .stimulus of 
War, for a.ssembling and idtimately fl)r 
manufacturing aircraft. Us original capital 
of Rs. 40 lakhs was snUscribcfl erpially by 
the (lovt. of My.sore and .Mr. Walchand 
Ilirachand. In Apr. '.|i. tln^ (iovf. ot 
India became one of its .shareholders and 
the capital yvas raised to Rs. 7-, lakhs, helil 
e(iually by the three partners. 'I'he factory 
yvas equipped largely with .\ineri< an plain 
and machinery. 

The linst Indian assembled aerop)an< 
came oil' the production line in July ’41. 
folloyvcd by the second in the ne.\t month. 
But yvith the inten.sification of war, the 
Govt, of India yvere obliged to assume full 
control of the factory by buying out 
Mr. Walchand llirachaiid’s inten^st, ami 
by jiayment of a solatium of Rs. 12.5 laklw 
to the Mysore Govt, for the iluration ot 
yvar. In ’43, the war situation made furtlic 
expansion nec:e.ssary, and the factory was 
handed over to the Unitird .Stales Army Aii 
Forci; under the NIanaging Agents agree- 
ment for sendcing, repairing and over- 
hauling of all .American purchased aircraft, 
engines, and equipment used in India. 
The managing agency agreement between 
the U. S. Army Air Force and the Hindus- 
tan Aircraft Ltd. yvas terminated in Dec. 
'45. In Apr. ’-i-G, the position of the 
Mysore Govt, a.s an active partner was 
restored. It is noyv a private limited 
company, jointly mvned by tlie Goveni- 
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mciits oi‘ India ard Mysore, sliaving the 
capital in ihc ratio, 2:1. 

During tlie War, the factory suspended 
the manufacture of aircraft and switched 
over to the maintenance, overhaul and 
repair of aircraft engines, and accessories. 
All manufacturing jigs and fixtures, par- 
tially manufactured aircraft and compo- 
nents were rcrapped, and the floors cleared 
for repair work on four major types 
of American aircraft : lt-24 ‘Libera- 

tor* Bombers, B-23 '‘Mitchell’ Bombers, 
Douglas C-47 (Dakota) Transports, and 
Catalina Flying Boats. Also many other 
types of aircraft, from (he Flying Fortress 
Bomber to the Mosquito Fighter, weic 
serviced. An Engine Division was estab- 
lished for the complete overhaul of Wright 
and Pratt & Whitney engiiu's. An Acces- 
sories Division was set up to handle overhaul 
of radio, flight instruments, magnetos, 
starters, generators, batteries, and pumps. 
An interesting auxiliary programme was 
the construction of more than twenty-seven 
thousand ‘ droppable belly tanks ’ which 
were installed on lighter airc raft to inerc'asc* 
their range, and jetlisoned when empty. 

The following statement gives a gcncTal 
idea of the amount ol' work accomplislu'd 
during the War Hindiisiaii AircralV' : 


1 7’- 

(i\ rr- 

i\0. 

lot) 

haiiiod 

IJemibcrs U-j, »Mii< hell.s 

tulii- 

:;:i 

enginrd light hoinhers 

B-24 (raheratnr.s I'mii- 

eiigiae'el 

17b 

heavv lioinhcrs 

Ckitalinas twiTi-t'n'>ijn*cl 

11 \ ing 


patrol boats 

Aircraft engiiu's 

, . 


Auxiliary furl tattk** 


2l,ien 

Misc. aire:ral\ 


l()0 

Spark plugs 


7 b;-„p 7 h 

Kngitie acerssi iru". toxi 


8 o,t> 7:5 

RaeJios 


I 

Rubber pari'i 



Propellers . . 


-M 17 

Propeller ci an >ix“ii t.> 


1 I 

Instrurneuts 




At present, the faetory aels mainly as 
overhauling, repairing, assembling and con- 
version depot for Civil Air Lines and the 
Air T'oree, and issues ' cerlificate of air- 
worthiness,’ and also mannfacliires some 
components and spare parts for use in 
repair work, 'fhe present (Apr. ’17) oiu- 
pnt is the overhauling and repairing of 
8-i(^ aircraft and 2f) engine's per month. 
So far ; Apr. ’47!, about airc raft and 80 
engines have been completed. The Air- 
craft Miss, estimate that Jo |)rr ceiil. of 
overhaul and repair work iu ivspect ol* 
scheduled transport aircral't will flow to 
this company, whic li in terms of annual 
receipts are estimatc'd at Rs. b, (), 
12 and i lakhs, during tlic' c|uiii(|ii('Mnia 
ending ’")3, '(io, and 1 c*s|)ec li\ c'l) . 
They also estimate* that pci i ciil. of* the 
work from hire and charic'r operations, 
])c*r cent, from private' owners and 
per cent, from flying clubs will comt' to 
the factory, which will bring the concc'iii 
Rs. (), 8, 12 and i ^ lakhs !csp<*cli\ely, 
during the four successive (|ninc|ncnniii. 

Now the fac’lory has Ix'c'ii reorgmiisc'd 
and the (lom[)an\ has taken n|) (he pro- 
duction of Perc'ivid Prentice dViiiners for 
the R. 1 . A. F. nncic'r an assistance anange- 
meut with (he Perc ival Ain rail Co., 
England. I'lie Ministry ol' Defence have 
placed an initial ordc'r lor 50 sue h airc raft. 
'Hie cost of manufacturing a Pcneival Prc'ii- 
lice aircraft has been estimated at Rs. i.iti 
lakhs, cxehiding (hat of the* engine'. 

'The first few plane's to Ix' made- at the' 
Hindustan Aircraft Ltd. are* expeetc'd to be' 
leady by May ’.|8, and ihe'se* will be as- 
seniblc.'d from imported eomponenls. (ira- 
diially intligenoiis cfanponc'nts will ii'plac** 
imported ones and the lirst aircralt to be 
inanufactuied using, indigenous i ornpo- 
nc'iits is expc'eted to l.x' n'ad\ by Sept. 'p'l. 
’file programme' is to assemble' i from 
components and f) iVom detaileel |)aits, 
and to inamifaclure [\() from r;uv materials, 
bedbie June ’|q. The d<‘\ elopment of 
engines is not likely (o Ix' taken up at 
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present owing to the likelihood of their 
being superseded by internal combustion 
turbines or jets. 

The Hindustan Aircraft Ltd. has also 
undertaken the manufacture of lOO im- 
proved type of third class railway coaches 
with steel panel for the Ministry of Railways, 
at a fixed price of Rs. Go,ooo per coach. 
To meet this expanded programme, the 
company decided to increase its share 
capital from Rs. 75 lakhs to Rs. 1 75 lakhs. 

From mitl-'42 to early ’43, the labour 
force of the factory increased from 3,500 
to 13,500, and early in ’45, well over 
16,000 employees were on the rolls. Since 
the end of the War, there has been drastic 
retrenchment, and now with the exception 
of 23 Hritish and American supervisory 
personnel, the stall' consists entirely of 
Indians, comjjosed of 2,34.1 daily labour, 
1,167 monthly rated labour, ai d 63 oflieers 
and executives. The labour force dis- 
charged alter the ^Var, of whom about 
60 per cent, arc estimated to be available 
for rc-eiTiployment, forms a valuable pool 
from which additional labour can be drawn, 
if rcfiuired. 

In Oct. *43, the Covt. of India also 
established a number of Civil Maintenance 
Units for the Air Force, under the Direc- 
torate-General Aircraft, to rcyjair and main- 
tain aircraft, aero-engines, propellers, ins- 
truments and other components. Salvage 
of serviceable or repairable parts from 
obsolete aircraft and recovery by electro- 
plating, etc., was an important feature 
of their work. 16 Units were functioning 
in ’44, and a separate Civil Maintenance 
Unit controlled by the 'fata Aircraft, Ilar- 
rackpore, was specially engaged on the 
assembly of aircraft from impf»rted parts 
and its average monthly outturn rose to 70 
aircraft. 

Contracts were also placed with the lata 
Aircraft and the Indian National vVirways for 
the repairing and maintenance of planes. 


Three Tata Civil Maintenance Units com- 
menced work early in ’44. By the end 
of May ’44, the Civil Repairing Organiza- 
tions had repaired about 700 aircraft and 
1,750 acro-engincs, in addition to a large 
amount of aircraft modification and ins- 
pection work. 'Fhe average monthly out- 
turn of repair work of a few important 
items was 2,000 dash-board instruments, 
3,000 magnetos, 1,500 replatcd accumulators 
and 200 wireless sets. The Mathematical 
Instruments Office, Calcutta, repaired more 
than 5{},ooo instruments. 

In addition to repair and maintenance 
W’ork, the Directorate also undertook the 
manufacture of aircraft equipment, and 
jjarts and spares for air frames and aero- 
engines. During ’43, 13,270 different items, 
covering several large aiul small parts were 
manufactured in these factories. 1 0,000 
aluminium and 5,000 plywood hurricane 
petrol tanks, and 3,000 Spitfire petrol tanks 
w'cre completed, by Aug. ’44. 

The training of engineers, craftsmen and 
managerial staff for the Indian Aircraft 
Industry is very imjxwtant and rai.ses many 
problems, and the Ilindustan Aircraft Ltd. 
will train its own personnel. 'Fhe skill re- 
quired extends far beyond the mechanical 
aptitude and demands high degree of ver- 
satility, since workers have to be frequently 
moved from one cla.ss of work to another to 
maintain balance in the factory ; it also 
requires a thorough knowledge of mechani- 
cal engineering, particularly aircraft engi- 
neering, to enable the worker to fill in by 
himself the difference in specification 
between engineering drawing and opera- 
tional drawings and instructions. 

A factory with a large programme of 
production of civil aircraft will necessitate 
expansion of insp(!etion, research and de- 
velopment organization. Some research 
facilities exist at the Hindustan Aircraft 
Ltd. and at the Indian Imtitute of Science, 
B.angalore, where a separate department was 
foundcjl in ’43. 'Fhe equipment consists of 
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wind tunnel and apparatus for radiological 
and microphotographic examination of 
castings. 

AVLRAGL annual IMPORIS Or AIR- 
CRAFT AND AIRCRAFT PARIS 




Airrnil'i 

Airerafl 

parts 

In quinqucniiimn 
ending : 

No. 

Val. in 
lakhs of 
Rs. 

Val. in 
lakhs of 
Rs. 

’33-34 •• 

V2I 

'J.17 

2.8- 

’3*J-39 • • 


!)-99 

9..I2 

’43-44 • ■ 


4.H3 

r>9-54 

’44-45 • • 

a 

0.85 

11.19 

’45-46 . . 

1 

0.<J2 

i9-''^r> 


There was a peak import of aircraft parts 
wortli Rs. 2.45 crores in ’41-42, this great 
increase being due to diversion ofiiarts 
worth Rs. i.()7 crores from Burma. 


lfasf-lknd TXPoirrs ro india and 
DEPFNDLNCMKS FROM THE U. S. A. IN 
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Fit^lUers 

8 f,() 
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3*>5 

:t 9 

Corniiiiinieation airtraft 

182 

' 

Trainers " . . 


‘1 

C^liders 


12 

.\irrraft parts (aeces.sories 
iiol elsewhere specified) 
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ALCOHOL 

The term ‘ alcohol ’ was first applied to 
the spirits of wane, etliyl alcohol, and now' 
it refers to a series of suKstanccs with .similar 


characteristics. Ethyl alcohol is the active 
constituent of all intoxicating licpiors (ob- 
tained by the fcrincnlalioii of saccharine 
materials. It is present in the form of 
esters in several volatile oils. It is now-a- 
days prepared in immense cpianlities, cliiefiy 
by fermentation, and finds numerous in- 
dustrial uses, and is also being used as a 
motor fuel. 

Pure ethyl alcohol, (.IJTO, also known 
as ‘absolute alcohol', is a colourless mobile 
inflammable licpiid with a spirituous odour 
and a sharj) taste (sp. gr. at if).b' 

^^•7f)3rn -f)" f‘; 

().6o lb./i20'‘ ; b. p., 7E.4''; and free/ing 
point, - 114.4"). It is hygroscopic and is 
miscible with wal(‘i in all |)roportions. don- 
siderable heat is <*volved wdu n water is 
added to alcohol, the volume of the mixture 
showing a slight coni l ai lion. Alcohol is 
also freely miscible wilh most organic 
liquids, and is an excellent solvent. Its 
flash point is i8.;4' ((>f)T.), and it burns 
with a pale blue flame. Its vapours form 
explosive mixtures with air. 

Aqueous alcohol cannot be comj)letely 
dehydrated by fractional distillation owing 
to tlic formation of a constant boiling mix- 
ture of I), p., 70.15’ (ahohol, ; and 
Welter,.}..} per rent, by \vt.). This mixture 
represents the Iiighest c()nrenlrati{>u of 
alcohol possible uuder the usual nnahods of 
rcctificalioii. 

Clu'niieally, aUohol is a neutral sul:;'.(aiice. 
When cone, sulphuric mid is gradually 
added to alcohol, ethyl hydrogen sulphate 
is formed witli thi' 1‘vohitioii ol* considerabh' 
heat. Ethyl hydrogen sulpli.ile decomposer- 
at 170" and gives (•thyle]n\ .\i u uipcra- 
tures below 145", it reacts with a liutlicr 
quantity of alcohol and yields ethea . Fhc 
esters of alcohol arc gtaierally miitral, 
pleasaiit-sme’lling lirpiids, insoluhh* in 
water. Alcohol is attaikc'd [jy st'veral 
oxidizing agents and is converted suea e.s- 
.sivcly into acetaldehyde and acetic 
acid. 
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Alcohol has a depressant cficct on the 
central nervous system, and nol a stimulat- 
ing cfTeet as was formerly supposed. The 
ajjparent exhaltalion is ducr to its anaes- 
thetic and hypnotic properties, owing to 
its inhibitory action on higher nerv<; centres. 
A .strong dose of alcohol introduced into 
the stomach increases heart beat and causes 
a rise in blood pnssurc. llenct; the use ol 
brandy as a restorative. 

Small quantities of dil. alcohol taken 
before food increase the flow of gastric juice 
and aid digestion. Alc:ohol has also a high 
food value as it is rapidly absorbed, and 
oxidised in the tissues ; lOO g. are equi- 
valent to about 7^ g. of fat. Tlie continued 
use of strong alcohol, however, produces 
serious disorclei's in the stomach resulting 
in gastritis and other complications. 

The normal concentration of alcohol in 
human blood is 0.004 'd. When 

imbibed, its concentration in blood usually 
reaches a maximum in an hour and a half, 
and becomes normal again after li-i.'j 
hr.s. Symptoms of intoxication begin to 
ajipear when concentration reaches 0.15 
j)er cent. Habitual drinkers show a higher 
tolerance. 

Partially diluted alcohol (50-75 per cent.) 
acts as an anliscjjtic and is used as a steri- 
lising agent in surgery. The maximum 
bactericidal effect is exhibited in concen- 
trations of 70 ])er cent. 

The use of alcohol as an exhilarating 
and intoxicating beverage is common 
throughout the world. 'Toddy, the ferment- 
ed juice, obtained from several palms, has 
long betai used by tlnr poorer classes in 
India, and the distillation of .spirit, nr/ark, 
from f(;rmented rice, toddy, etc., has been 
known, since early times. Since the advent 
of the English into India, modern distilleries 
and brcweri(;s have been established in 
almost all the Provinces and important 
Stales. 'J’he potable spirits made are country 
spirit [anark and spiced liquors), and liquors 


resembling importetl spirit (rum, gin, 
whisky, and brandy). For alcoholic bc- 
verage.s, ride breweries and Malt liquors. 
Distilleries and distilled liquors, 'Poddy and 
other indigenous fermented liquors, and 
Wines. Tins article is confined to the 
Industrial uses of alcohol. 

Alcohol poss(?ss(*s excellent solvent pro- 
perties, and it is used for the extraction of 
several drugs, and for the manufacture of 
tinctures and other medicinal preparations. 
It is also employed for the extraction of 
es.senlial oils, and for the preparation of 
lierfumes, essences and flavours. Alcohol 
dissolves shellac, ro.sin, and cellulose es- 
ters, and is widely employed as a solvent 
in the pre])aralion of lac(]uers, varnishes 
and enamels. It is used as a process 
material in the preparation of numerous 
organic compounds, including synthetic 
drugs and dye-stiifls, especially for crystal- 
li/ation and purification. 

Alcohol is used directly in the manu- 
facture of .several conqiounds such as ether, 
ethyl a»:elale, and othei esters, acetic aeid 
(vinegar), acetone, chloral, chloroform and 
iodcf( rm. It is required for the manufac- 
ture cf mercury fulminate which is largely 
used in (h'tonators for explosiv«*s'. It is a 
solvent in preparing T.N.T. Alcohol is also 
employed in the preparation of transparent 
.soaps. 

.Mcohol (methylated spirit) is also widely 
employed as a healing agent. Solidified 
spirit used in cookers is prepared by dissolv- 
ing stearic acitl in alcohol and .saponifying 
it with sodium hydroxide. On cooling, the 
soap (5-7 per cent.) forms a soft bulky solid 
occluding the spirit. 

One of the most important devTlopments 
in recent years is the use of alcohol as motor 
fuel. I'or this purpose, petrol is generally 
blended with up to 20 per cent, of absolute 
alcohol. Power alcohol has become pro- 
minent in most sugar-producing countries 
which depend upon imports for petrol. 
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Anotlior nrt ciit clcvclopnicnt is the use of 
alcohol for the j)rodiiction of butadiene 
for the niJiiiunicture of synthetic rubber. 
The U.S.A. consumed 622 million gals, 
of alcohol from .Jan. ’42 to June, ’45 for 
the production of synthetic rubber {Industr. 
Engng. Chem., 39, 934). 

The minor uses of alcoliol arc in the pro- 
paration of certain adhesives, anti-lVceze 
mixtures, hrake-duids, cutting oils, air foam 
solutions, dope ihiiinei s andde-ieing agents. 
Alcohol is also used as preservative for ana- 
tomical specimens and as a dehydrating 
agent in microscopic tcclinirpie. 

The tax on alcoholic beverages and pro- 
ducts forms an important source of revenue 
in several countries including India, and 
the duty l(‘vied dc[)ends u[)oii the amount 
of alcohol present in the lirjuid. An ac- 
curate determination of the pereentage of 
alcohol in dutiable products is of tlie utmost 
importance. 'This proportion, in England, 
is measured in terms ol' proof spirit defined 
by an Act of Parliament in as that 

which at 50'E. weighs exactly twelve-thir- 
teenths of anetpial volume of distilled water 
at the same temperature. This mixture has 
a sp. gr. of o.9i97() at 1 5.87 1 5.8’' and con- 
tains 49.28 per cent, by wt., and 57.10 per 
cent, byvol. of anludroiis alcohol. Spirits 
which contain a higher proportion of alcohol 
are said l(i be " over-proof’ and tliose which 
contain a smaller jiroportion, ‘ uiuh'r-proof 
Over-proof strengths refer to (he \olunu* ()f 
proof spirit which would be obtained by 
diluting 100 vols. of the spirit with water, 
and under-proof strengths give the voliune 
of proof spirit eonlaincd in 100 vols. of 
the spirit, 'rims 100 vols. of 50" o. j). spirit 
on dilution with water will gi\e 150 vols. 
of proof spirit ; and 100 vols. < f .^o'* undi r- 
|)roof spirit eoiitain f)<i vols. of proof s|)iril. 
The liritish standard is also adojited in 
India. American proof spirit is defined as 
containing 50 per cent, of its vol. of alcohol 
at 15.6" (42.52 per cent, by wt.). In the 
scale adopted for excise purposes o rc- 
pnrsents w-ater, 100 proof spirit, and 200 


alcohol. Standards by wt, and by \n\. 
arc also in vogue In other countries. 

'I'he determination of alcoholic strength 
of a spirituous liquid Is known as alcoholo- 
metry, and is carried out by finding out 
the exact density of aqueous alcohol dis- 
tilled from it. Its proof si renglh is obtained 
from accurately prepared ‘ spirit tables,’ 
giving sp. gr. at Go*', Go'' F. and at 80" 80" F. 
and the corresponding percentage of alcohol 
by wt., and by vol. and percentage of fisc.il 
proof spirit. Correction tables for ascer- 
taining real alcoholic strength from den- 
sities determined at temperatures Gi-ioo" 
have been issued by the Centra! lid. of 
Revenue in India. 

When determining the alcoholic strength 
of spirituous liquors contaiiiiiig vola- 
tile acids, animonia, essential oils, and 
other volatile constiliienis, aiids and am- 
monia arc fixed by ncutrali/.alioii before 
distillation. The removal of the volatile 
organic constituents often presents eoiri- 
plieatcd problems. In the usual method 
for separating these, the distillate is satu- 
rated with common salt and is extracted 
with light petroleum (b. p., 40-G07. The 
saline alccdiolic layer is sc|)arated and 
again distilled, and the dcaisity of the 
distillate (fetermined. 

The proof strength of rectified spirits may 
vary from Gi" to GS” o. p. (91.8 95.8 per 
rent, by vol.) and the' usual gradt' is Gfi" o.j). 
^92 per cent, by wt., or 95 per cent, by 
vol.i. Ordinarily, alcohol carri(!s with it 
some odour cliaraelcaislic of the raw 
material from which it is prepared. In (he 
perfumery industry, it is essential to use 
completely deodoiised alcohol, and this is 
oblaiiicd by treating ordinary alc<)h(}| with 
activated charcoal and distilling it. 8. P. 
alcohol (95 per cent. ; sp. gr., 0.815- 
0.817) contains 94.7-95.2 per cent, by v(^l., 
or 92.0-92.7 per cent, by wt. of alcohol. 
It should be free from mcth>l alcohol and 
should com])ly with limit tests for acidity, 
alkalinity, oily or resinous subslancas, fusel 
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oil and allied impurities, and aldehyde. 
Tliis alcohol is diluted to concentrati(;ns 
varyiiij;^ from 90 to 20 per cent, of alcohol 
by vol. for various pharmaceutical [jurposcs. 

When ()») per cent, alcohol is relluxcd with 
excess of (juicklimc for some hours and is 
distill(‘d over, the (oiua'ii! ration is raised 
to nearly ()().}{ per cent. The last traces of 
water arc elinunaied by trealiiKUit with 
calcium or iiia,e;iiesium (urnini^s to yield 
nearly chemically pure alcohol. B. P. 
dehydrated alcohol (absolute alcohol) con- 
tains not less than 99.4 per cenl. by vol., 
or 99 per cent, by wt. of alcohol. When 
intended for injections, it should be filled 
itiUi sterile containers under aseptic con- 
ditions. Anhydrous ah’ohol does not pro- 
duce cloudiness when mixed with benzene, 
nor any pink coloration when shaken 
with a crystal of potassium permanganate. 

Ah’ohol For industrial purposes is dena- 
tured, rendered non-potable by (he addition 
of substanc’cs with objectionable odour and 
taste. 'FIh! usual denaturants are wood 
naptha (methyl ac'etoiu!), riK'thyl alcohol, 
and mineral naptha (petroleum oils). 'I’hese 
are added generally in the proportion of 
about f) per cent, by volume. In addilmn, 
a small percentage ol’ pyridine is also 
mixetl to intensify th(' (dlensivi* colour. 
In India, d('natm(*d alocohol or methy- 
lated spirit is prepaied from spirit of not 
less than o. p. '80 per eeiit. by wt. 
of alcohol), by the addition of 0.5 per rent, 
of light eaoutchoueine and 0.5 per rent, 
of ( rude pyridine bases. Light caoutcli- 
oiieiiK* is obtained on redistilling the li(|nid 
obtained by lh(' slow dry distillation of 
waste vulcanised rubber. Methylated spirit 
is mostly used as fuel and for varnishes. 

In the U. P. ‘ fuel alcohol ’ /.c., rectified 
.spirit used fornuTly as motor fuel, was de- 
natured by the addition of i per cent, by 
vol. of kero.sene, and pov^er alcohol (99.5 
per cent, of ethyl alcohol by vol.) is de- 
natured by the addition of 2 per cent, of 
kerosene. 


Specially denatured alcohol is supplied 
to industries where the presence of the 
usual denaturants is objectionable. Specific 
formulae, at least 57 in the U. S. A., and 
47 in England, have been developed to 
meet the needs of various manufacturing 
industries. In tlie U. P., alcohol for the 
manufacture of transparent soap is de- 
natured by the addition of f) per cent, wood 
naptha, or caustic. Soda and castor oil 
(Dep. Industr. and (iOmm., U. P. Comm. 
Directory, ’41-42, 17). 

rhere is an absence of uniformity in the 
rates of excise duly Icv'icd on alcoholic beve- 
rages, and alcohol used for medicinal and 
ether preparations, in tlic different Provinces 
and States. The duty on alcohol used for 
medicinal preparations is usually Rs. 5 
per j)roof gal., and on aleoliol used for toilet 
preparations and other non-riKxlieinal pur- 
poses, Rs. 17-8 per proof gal. I'lic duly on 
n‘etified spirit varies from Rs. 2T in Mysore, 
to Rs. 2f)-io per |)roorgal. in Bombay and 
Sind. In most ( oinitries, rcctifi(‘d spirit 
issued to researc h in.stitutes and educational 
institutions is exempt froir. ta.\. But this 
concession is not general throughout. India. 


M.\.M rACriJRK 

Alcohol is obtained by (he* fermentation 
of any saccharine or starchy material (C. P., 
io|G ; AV<(’ 19259 ^ 98 )- enzyme 

zymase present in yeast acts directly upon 
simple .sugars and converts them into al- 
cohol and carbon dioxides : 

C,H,Ai - . 2 CAPH . 2CX\ 

Alcohol is also obtained from starches and 
even cellulose, llicsc are first converted 
into sim})le sugars to enable zymase to act 
upon them. In the case of starchy materials, 
the degradation is generally brought about 
by the action of the enzyme diastase, 
present in germinating grains, chiefly barley. 
The saccharification of wood cellulose is 
brought about by digestion with acids. 
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Molasses, the syrupy mother liquor, left 
after the recovery of sucrose from sugar- 
cane juice or beet root extract, forms the 
most important raw material for large 
scale manufacture of alcohol. Before the 
growth of the Indian sugar industry, In- 
dian distilleries made lise of gur or 
jaggery, molasses imi)ortcd from Java, and 
mahua floweis [Madhuca indica), wlierc avail- 
abh^ Now indigenous molasses forms the 
chief raw material of the indu.stry. 

Molasses shows considerable variation 
according to source. Mola.sscs for distilleries 
in the IJ. P. is marketed in two grades: 
the standard gratle of }lo‘’Brix or over, with 
44 per cent. <»r above of f»;nnc.ntable sugars ; 
and the ordinary grade containing 37-44 
j)er cent, of sugars. '^Phe insoluble ma- 
terial in both is specified as under 5 per cent. 
In the U. S. A. cane molasses, also known 
as blackstrap molasses, is mostly imported 
from Cuba. 

Ct^MPOSi nO.V OK MOl.ASSKS* 
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Owing to the large number of small 
sugar factories scattered in sugar cane 
growing areas, the sup})Iy of molasses to 
centrally situated distilleries has sometimes 
been clidicult. Solidification of molasses 
by concentration has been attemptcfl, but 
under Indian conditions, so far, it has not 
been found economical [Biochem. Res. India, 
1944, 14, 95). In recent years, American 
distillers have been using high test molasses, 
i.r., molas.sL'S in a concentrated form. One 
gal. of high test mola.sses is equal to about 
t .4 gal. of blackstrap molasses. 


It is estimated that at j)rcsent about 
400,000 tons of molasses, calculated (jii the 
basis of a yield of 30 per cent, on the w't. 
of sugar manufactured, are prodiu'cd an- 
nually in India as by-product of the sugar 
industry. Accorditig to the post-war de- 
velopment plans, the target for sugar pro- 
duction has been placed at 1.6 million tons 
per annum which will yield about 4150, 000 
tons of molas.se.s. f)f this (|uantity, about 
^o.ooo tons will be diverted to minor uses, 
such as, tobacco curing, and the balance, 
.430,000 tons will be available; for j)n.)duc- 
(ion of alcohol. On the basis of a yh'ld of 
60 gals, of ab-solute alcr)hol per ton of 
molasses, it would be possible to mauufacturc 
■_>G million gals, of alcohol annually (Pep. 
Panel on Sugar, Alcohol and Food-Ye.ist 
Induslr., 194G, 17). 

The NKihua tree is found mostly in O. 1. 
and in the (!. P. It bears large eliislers of 
cream coloured llowers (Keh.-.\pr.). The 
ripe flowers which fall froTii the tree (eiul of 
.\pr.), are collected (the yield per tree 
ranging from 2-4 rnd.). Tlicse are dried in 
the sun anti .sent to dis(illcrie.s. On an 
average they contain ",7 per cent. f)f fer- 
mentable sugars einvert sugar, 4-’.,')-,")') per 
cent. ; and cane sugar, ])er cent.' and 
yi' id 2. 1 ,gal. of ]>roof sjiirit per md. 
C.hatterjee (./. \r/. induslr. Res., ipjli 3» 
■aG;')) estimates that aiimially 50,000 tons 
of flowers may hi; eollecled which form a 
|>otenti.d source of about ;<.23 million eals. 
of alcohol. 

Starch hearing materials, potatoes, rice, 
wheat, maize, <’lc., form another im])orlant 
.source of alcohol iridi’ Induslr. (.'/n ni., 

1930, 3I} 1G2). Potatoes were exit nslvely 
used lor the manufaeime t)f alcohol in 
Clcrmany, before the War {’39-45). .\lcohol 
prothiced from grains costs mt»re than ih.il 
produced from molassts, and grains are 
chiefly used for the production of potable 
liquors. During the War, owing to .shortage 
f>f molasses in the U. S. A., immense (juanti- 
ties of alcohol were |)roduced (700 niillioii 
gals, from late ’42 to July ’45) IWmi wheat 
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and wlioat products’, to meet military de- 
mands, and especially for the inaiiuraeturc 
of synthetic rubber. 

PRODUCTION OF INDl'srRIAb AT.COMOL 
(hjoM’ROOF in THK U. S. A.) 
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Owing to the [)resr*nt acute shortage of 
food-slufls in India, grains c annot be divert- 
ed to th(‘ manufacture (‘f industrial alcohol, 
and only small c|uantiiies may Le allotted 
for the produclioii of bexr and potable 
spirit. 

'Flu! waste licpiors obtained during the 
manufacture of wood pulp by tiic sulphite 
|)rocc'ss contain 2-4 per cent, of sugars, of 
which about 2/3 are fermentable. These 
liquors, when available in large (juantitics, 
are utilized for the prodiu lion of alcohol 
in northern Kuropc and in N. America, 
but ihe spii it obtained is not always of high 
purity. Wood is anollu'r impoitaut raw- 
malcrial for the production of' alcoluil. 
Saccharification of cellulose is ellcctc’d by 
treating it witli dil. acid under pressure, 
and lhc‘ sugars obtaiiu cl arc* subsc*(|uentl\' 
fermented with yeast. T!ic yiedd of alc'oliol 
iqf) p<*i' cent.) is about 21 gals. J)(T ton 
of woe k! (Thorpe, J, 179). 

The production of synthetic alcoliol from 
elln lene has made consi(l(*rable progress in 
Cermaiiy and the T.S.A. In Germany 
ethylene; is derived from coke-oven gases, 
and in the IJ.S.A., by the cracking of 
peircdetini hydrocarbons. Tdu^ gas is alj- 
sorbc‘d in strong sulphuric acid under pres- 
sure (2f)0-r,oo lb. sq. iiicii), and convcrtcnl 


into ethyl hydrogen sulphate. Wlien (he 
resulting licpior is diluted with an equal 
vol. of water, the sulphate is hydrcjlyscd, 
and the alcohol forniccl is separated by dis- 
tillation, some ethyl ether being obtained 
as by-product {Cheni. Engng. AWt, 1947, 
25, 1792). 'Fhc process requires large quan- 
tities of arid-resisting equipment, and the 
initial outlay on plant is comparatively 
high. 

FERMIiNTATlON AND RECTIFICATION 

For ferment.'Uion, molasses is diluted with 
water to produce a solution or ‘ mash ’ con- 
taining about 10 per cent, sugars. To this 
some ammonium sulphate (0.013 lb. per 
2.3 gals, of molasses) is added to supply 
nitrogen for growing y^'easl and also some 
sulphuric acid (n.17 lb. of (it/’ J 5 c'. per 2 gals, 
of molasses^ to produce slight acidity (pH, 
4. 9-3.0) which hinders the growth of un- 
wanted bac teria. Tlie ‘ mash ’ thus pre- 
jiared is charge^d into large w'oodcn vats 
or steel tanks, and fcrmcnlation started by 
the addition of yeast {ra, 15 % by vol. 
of active wash). 

In larger distilleries, yeast for fermenta- 
tion is cultivated from selected strains. 
The isolation cf strains of yeast active in 
coiiccntratioiis of 10-12 per cent, of alcohol 
lias been claimed. For the selection of 
yeast, agar-agar is inoculalcd with speci- 
mens (T yeast, and after a. day or two, 
each culture is transf'erred to a separate 
flask containing a dil. solution of The 

sample giving the; max. conversion of 
sugar into alcohol is propagatc^d in a dil. 
solution of molasses, and allowed to develop 
in another tank of 2,c^oo gal. capacity, 
coniainiiig molasses (rf, 1.055-1. otto). After 
8-12 Ill’s, when density falls to 1.023, 
active wash is added to the fermentation 
tanks (6-10 per cent, by vol. of caeli tank). 

Owing to heat evolved during fermenta- 
tion, the temperature in the vats rises gra- 
dually. and is conlrollctd by means of cooling 
coils, or cold water spray. Fermentation 
starts within a few hours after the addition 
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of yeast, becomes very vigorous alter ‘>1. 
hrs. and is usually complete in 4}}-72 lirs., 
v/hen the sj). gr. of the mash Ijttcomes 
stationary. At this stage it contains fi-t> 
per cent, of alcohol. On an average 0.4 
gal. alcohol is obtained from i gal. of 
molasses. Strict technical control is esseiitial 
to ensure satisfactoiy yit^ld. 

Yeast furnishes two enzymes : invei ta.se, 
which hydrolyses cane sugar to glucose ami 
fructose : 

I Tf,0 (gh.rosc) 

f C|,l F iPh (I'ruch »Sf:) 

and zymase which brings about alcoholic 
fermentation of the two latter, 'fhe con- 
version of carbohydrates into alcohol is 
about 90 per cent. During fermentation, 
small fjuanlitics of higher alcohols (fnscl 
oil), organic ai ids and glycatrim* are also 
formed as by-|)ioducls. 

Alcohol is sepaiatcd IVoni the fermented 
niadi by distillation. Most of the smaller 
distilleries, especially tliose producing |}ot.- 
ablc liquors, employ pot-stills while the 
larger clistillerics make use of palcmt-stilis, 
such as Cofl'ey’s still or llge’s or barbefs 
still. (V)ncy’s still consists of two columns, 
the analyser and the lectilicr. riH‘ fer- 
mented mash enters the analyser at the top 
and follows a zig-zag course down the 
column. Steam introduced at the Ijoilom 
and trawlling counter-current to the masli 
deprives it of its alcoliol content, and fix* 
exhausted mash, ' slop,' is run out. The va- 
pours (steam and alcohol 1 issuing from the 
lop of the analyser enter the rectilier at the 
bottom. 

The rectifier consists of a specially de- 
.signed fractionating colinnn with a number 
of chambers. During the u])wanl passage 
of vapours, the less volatile constiturnts, 
steam and fusel oil (" feints ’), gradually 
condense, and arc drawn off from the base 
of the cclumn. I^ure alcohol i.s drawn from 
a higher part of the still where the tem- 


perature is roughly ecpial to its boiling 
point. 'The head-products, which an- vciv 
smdl, consist of aidehydtvs, f)rinic chirrs, 
etc., and owiii!*’ to du'ir gn'atcr vc^latiiily 
pass out through the lop of ihe cohunn 
along with a small quantity of uncondi nsi d 
alcohol. 'This fraction is being used in the 
maniif.u:turc of nu*thylatcd .sjurit. 'fhe feinis 
consist of a mixture of alcohol and fusel oil 
and arc! recycled for the ivc overy of alcohol; 
fusel oil is rcrnov'cd from flic* rccc^ivcr e very 
two or three days. 

The IJarbc'i still is said to be* rnoia* eco- 
nomical in steam consumption. Scrv’cral new 
stills, of similar design, made in India, have 
come* into operation during the last War. 

'riic higliest c oncentration of* alcoliol that 
c'an be obtained by fractional distillation is 
the coiistani Iroiling mixture* containing 
alcoliol, ; and w.itci*, .j..| per ct'ni. by 
wr. Unless s|HM'ial c arc is cxc-rcascd, alcohol 
obtainc-d from |)atent-slills c;oiitains only 
qo-c)-, p;-r cent. I)\ V'ol. ofalcc)hol 
per c-i*nt. I)v w^l.'i, and this is known as 
rvetified spirit. 

Further dehulration ofqf) pea* ccait. al- 
cohol w;is lonncriy carried out by re- 
fluxing it with (|uicklinic, followed l:>y dis- 
till. ition. but this proic'ss is mic-conomical 
for larg(*-srale piculiu ticni. !n tlie 

L'sines dc* Melle dcvc-loix-d a plant for the 
conmicic ial piodiicticai of absolute* alcolx)!, 
ba.sed on an ohsei \alic»ii of \\nmg, that 
benzene, win 11 adcleal to c^;-) jx a* cent, al- 
c'oliol and (lislillcd, gives lisc* to a ternarv 
azcotro])ic inixturc* boiling .it h.|.p'*. Since 
lhc*n, absolute* aleediol has bi'cn maniilae- 
tnnal in vi*ry l.argc (|naiiliiies [\)V use as 
.solvent anel as inofoi* find. 

In aze-otre)pie* disiillatieni the* U'liiaiy 
mixture* ( ale ediol ; l)(*n/enc- 1 wate r ) 
passes ovor first, leaving beliind alcoliol. 
'I hc cxce'ss of benzcrie forms a binary a/.e'o- 
tropic mixture with alcohol of b.p., dlhj'. 
Jdiis distils ov'e*r ne*\t le*aving bc'hiiid absolute* 
alc'ohol. 
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Other recent methods make use of dehy- 
drating agents, siudi as, anhydrous alkali 
acetates and gypsum {vide Int. Sugar 
1933, 35, 2(i6 and 346), or counter-current 
extraction with liquids of higher boiling 
point, such as, glycerine and glycol. 

In azeotropic distillation the third com- 
ponent added is called an entrainer. Other 
organic liquids, .such as, ethyl acetate, 
toluene, hexane, carbon tetrac'lilorido, and 
lrichloro('tliylene also may be used as en- 
trainers. Tlic Drawinol ]irocess employed 
in ( Jermuny for the ])rodu<;tion of absolute 
alcohol uses dicldoroethyleiio ar entrainer 
[Int. Sugar ./., lor. fit., 29 and 71). Ollimer 
and Wcnt\v<.)rth {Indnslr. Kngug. (.hem., 194.0, 
32, ifjdy) have observed that diethyl ether 
also acts as an entrainer forming a binary 
azeotropic mixture with water, and de- 
veloped a plant for th<; dehydration of 
alcohol under pre.s.sure (too lb.). 

Benzene, however, is the most widely 
used entrainer. 'The result of azeotropic 
distillation may be expressed thus (parts 
by wt.^ : 

[alcohol, 95.5 i water, .[..5] -j- benzene, .[.f, 
jalcohol, 1 1.2 ! water, 4.5 • benzene, 45] 
i absolute alcohol, 84. 3. 

Complete dehydration is ell'ected by using 
a slight excess of benzene. 

The ternary mixture separates into two 
layers,: the up|>er layer consisting mo.slly 
of benzene and alcohol and the lower layer, 
of clil. alcr)hol and benzene. 



iJVr 

Lriil. by wt.) 


1 Alc.jho! ! 

Water ! Benzene 

\ 

'J'ntnl flistillritr 

i 

: 

7.4 7.}.i 

IJfjpri layer i'H.j pci ctMit. 
by vol.'i 


J.o B.'i-f, 

Lower layer {iG per rent. ; 

i 

r 1 

. ii.o 


by vol.) 


In industrial plants, for continuous dehy- 
dration of 90-95 per cent, alcohol (Melle’s 
First Technique), the upper layer of the 
ternary distillate is returned to the main 
distilling column, and the lower layer is 
fractionated in a second distilling column to 
recovci benzene and concentrated alcohol, 
which are recvcled. 

Benzin (hydrocarbons from petrol), b. p., 
1 00-101", is .said to give an easier .separa- 
tion although it carries with it more of 
alcohol. On a technical scale tlic best 
results are obtained with a mixture of 
benzene and benzin. There is a slight loss 
of entrainer, which varies from 0.025 
about 0.2 percent, of the amount of dehy- 
drated alcohol produced. 'Fhc Iraee.s of 
entrainer which may be left in the iinal 
product are removed by filiering it through 
activated charcoal. 

'I'he in oduction of rectified sjiirit re(|iiires 
on an average 3000 lb. of steam pt'i* too 
gals, of aleoltol. For subsequent rectifica- 
tion and dehydration to produce alcohol 
of 99.B per cent, eoncciitration, another 
1500-1750 11 ). of .steam are neces.scry. The 
last traces of water are the most difficult 
to remove, and require an addilimial 250- 
500 lb. of steam per too gal. 

A further development, based on the 
same principle, has been tlie production of 
absolute alcohol directly from the wa.sh 
(Melle’s Fourth Techni(jue). I’he plant 
consists of three main distilling columns. 
'Fhe wash enters into the first where it is 
divested of its alcoholic content. The 
va])ours jtass into a sccontl e.olumn where 
alcohol undergoes further concentration. Into 
this, the entraining litpiid is introduced and 
alcohol of high strength (98.5-99 per cent.) 
mixed with a little of the entrainer pa.sses 
on to a third column where dehydration is 
completed, and absolute alcohol is drawn 
off from the bottom of the third column. 
This procc.ss has the advantage of lower 
steam coirsumption, but it cannot be readily 
switched over to the production of rectified 
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spirit as in the case of the First Technique 
(Reilly, Distillation, 1936, 85). 

The principal by-products in a distillery 
are carl^n dioxide, and fusel oil. 

Carbon dioxide liberated during fer- 
mentation is nearly equal in weight to the 
amount of alcohol formed and it is conse- 
quently an important by-product. In 
modem distilleries fermentation is carried 
out in closed vals, the gas formed being led 
out into compressors and filled into cylin- 
ders. Fusel oil is collected as hot feints. 
It is separated from ethyl alcohol by 
subsequent fractional distillation, ft consists 
of a mixture of higher alochols, chiefly 
amyl, butyl and propyl alcohols, and is 
now a valuable raw material in the varnish 
industry. Fusel oil obtained is about 0.04 
per cent, of the quantity of alcohol pro- 
duced. 

Among waste products of distilleries, the 
spent wash contains : K, 0 , 6.0 ; P^O,, 
0.03-0.05 ; N, 0.5-0.9 ; and organic matter, 
40g./l. The potash in it may be recovered 
by concentrating the liquor and burning 
the thick residue in a furnace. According 
to Iyengar {Biochem. Res. India, 1944, 14^ 
94) slops from the Mandya Distillery of 
sp. gr., 1.032/26.5“, and acidity, 0.76 g./l., 
contain : potash, 0.59; phosphate, o.ii, 
nitrogen, 1.02 ; unfermented sugars, 0.05; 
ethyl alcohol, 0.004 per cent ; and give on 
evaporation 6.0 per cent, of residue. The 
Mandya Distillery produces 24,000 gals, 
of slop per day, corresponding to 2700 lb. 
of potash, 523 lb. of phosphate and 4617 lb. 
of nitrogen. He suggests that this may be 
used directly as manure if the soil is alkaline. 

Modern methods of distillation appear 
to have been introduced into India only in 
the latter part of the last century. The 
first large distillery in northern India was 
erected by Messrs. Carew & Co., at Rosa 
near Shahjahanpur in the U. P. about the 
year 1835, to produce mm and other 
potable liquors. Coflfey stills were installed 


in 1875 when the distillery commenced 
the production of rectified .spirit. In south- 
ern India, Messrs. Parry & Co. started 
a distillery at Nellikuppam (South Arcot 
dist., Madras) in 1848 using pot-stills, and 
later equipped it with Coffey stills, and 
began the production of rectified .spirit in 
1904. In that year there were 8 registered 
distilleries in India (C. P., 1047), and subse- 
quently a number of new distilleries came 
into existence in various parts of India. 
With the growth of the Indian .sugar in- 
dustry since 1932, the disposal of large 
quantities of molasses became an acute prob- 
lem, and its conversion into power alcohol 
was suggested as one of the solutions (Rep. 
Jt. Power Alcohol and Molassc.s Inquiry 
Comm., Bihar and TJ. P., 1938 ; Rep. 

Power Alcohol Comm., Madras, 1939). 

Before the Second World War, there 
were at least 25 large distilleries, capable 
of producing rectified spirit, with an esti- 
mated capacity of 9 million gals, per annum. 
By about ’44, 8 new distilleries came into 
c.xistencc in the U. P. and, since then, 
4 more ( i each in the U. P. and the Punjab, 
and 2 in Bihar) are reported to have begun 
production. The expansion in t;apacity 
during the War has been estimated at 7 
million gals, per annum (Minist. Industry 
and Supply). 

During the War, the demand for alcohol 
rose steeply owing to increased consumption 
by the Defence Dept, but after ’45, pro- 
duction declined, and at present, it is esti- 
mated to be only 7 million gals, per annum. 
In ’.1-2-43 the total demand for Defence 
purpose.s, according to 'fhomas (Rep. 
Develop. Industr. War Supplies, 1944, 50), 
was 3.4 million gals., distributed thus ; Ord- 
nance Factories and vServices, Railways, and 
Central Provision Office, 1 million gals. ; 
drugs and medicines, 0.3-0.5 million gals. ; 
the rc.st, for brake fluid. Air Forces, de-icing 
spirit, aeroplane doper, fuel for 'fommy 
cookere, etc. 

In Indian rlistillerv' practice, mola.sses 


.•>7 



rilK WEALTH OF INDIA 


of sp. f>r., i./jo-i.j.y h diluted widi water 
to jj^ivc a solution of </, i.oG")-i.oSo, con- 
taining p<*i* cent, of fermentable 

sugars. To this anr added 0.25-0.3;) per 
cent, of ammonium snljdiate, and about 
0.27 per cent, of sulphuric acid (^/, i.7r))> 
to raise the pH to 4-5. The molasses 
solution is then mixed with 7-10 per rent, 
of active wash (r/, 1.025) large steel 
tanks of 10,000 gals, capacity. The addition 
of active wash Towns the initial density 
to 1.040-1.045. 'rhe temperature at the 
commencement of fermentation is usually 
30", and towards the end, 33". During 
fermentation it is not allowed to lise above 
36 Tlie fermentation is usually complete 
in 1 1-3 days deptmding upon the season 
and the density falls to about 1.025-1.028. 
The alcohol content at this stage varies from 
5-7 per cent. 

(V)ircv stills ordinarily yi(‘ld rectified 
s[)irit of 0 *94 per cent. cone, by vol. (()o-()5” 
o. p.) liaibet .stills are more efficient and 
the cone, of alcohol produced is <)G per cent, 
by vol. (bp. 3 ’ o. p.). 

'Fhe yield of rectified sjiirit varies from 
51-56 gals, per ton of molasses representing 
a conversion of <)0-()5 per cent. Usually 
fin* the manuf.ictiin* of 100 gals, of rectified 
sjjirit, the materials required arc : molasses, 
50-55 mds. ; sulphuric acid (^/, 1.75), 5.5- 
6.4. ib. ; ammonium sulphate, 5.3-7-^^ I 
and steam, 50-55 lb. In suinTuer a slightly 
smaller ])ere<‘iilagc of amm(niiuni sulphate 
(about 25 per ('enl. le.ss), and a somewhat 
higher per(:(‘ntage ol' acid (about 20 per 
cent, morel are renuired. 

j 


INDIAN DISril.IJ’Kir.S c;apatu-k of tro- 
DUCINC; KKCriKIKl) SPIRi r IN 1944* 


Province 

No. of 

Capacity 

in 

nr 

clislil- 

1 ,000 gals 

State 

Icrirs 

per 

Bihar 

1 

annum 

289 

Bombay 

2 

M19 


Capacity 


Province 

or 

State 

No. of 
distil- 
leries 

in 

1 ,000 gals, 
per 

annum 

Bengal 

4 

b 335 

Madra.s 

2 

657 

Punjab 

3 

623 

U. P. 

*5 

7.896 

C. P. . . 

I 

288 

Mysore 

I 

540 

Ityderabad 

1 

720 

Ramp 11 r 

I 

540 

'Pravancore 

1 

240 

Baroda 

I 

240 

'Potal 

33 

14,787 


Kx Ui'p. P.iricl Suirar Alroluil Fiu-kl-Yi;nst Industr., ig.jG. 
loc . rit .^ Appx., 27. 


PRODIJCrnON OF ALCOITOL IN INDIA* 
(looo proof gals.) 



Pot.iMc. 
spi' it 

Krrtificd 

spirit 

Drn.iliirrd 

1 spirit 

Total 

■3<*--37 

5,f)8i 

410 

3,330 

8,412 

’37 -3O 

6,692 

420 

2,223 

9.335 

■3«— 39 

6,788 

487 

3.169 

9,444 

*30 4« 

6.-67 

55fl 

2,421 

9,346 

*40 -.|i 

7,164 

811 

2,612 

•0,587 

’41 -42 

7.938 

1,3” 

2,5»7 

1 1,856 

’42—43 

10,148 

*,273 

2,172 

•3.593 

’43-44 

12,848 

1,624 

2,177 

16,649 

*44—45 

13,8,18 

2,201 

2 604 

•7.653 


Mon. Statist. Production sel. Industr. lndia» 
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PROVINCIAL EXCISE REVENUE RECEIPTS 
FROM COMMERCIAI. SPIRll S INCLUD- 
ING DENATURED SPIRIT AND MEDICAT- 
ED WINES 
(InliikhsorRs.) 



’38-39* 


Bengal 

2-32 

47-4:1 

Bihar 

O.4G 

. 5-53 

Bombay 

3 - 4 '> 


Central Oovt. 

0.08 


Punjab 

I .oG 

0.98 

u. i\ 


> -55 

Others 

1.49 

1.4 1 

'Potal 


G3.G2 

• Stall' t. Ah\tr. Hr. India. 




♦♦ Kx Pro\incianmtli;cts. 

annum, imports oi spikiis fouiKR 
THAN POTAPLK SPIRl'I ) IN TO HKt TISH INDIA 
in moo gal. and \al. in laklis of Rs.) 



Qty. 

Val, 

(.liy. 

Val., 

()ly. 

Val.Otv. 

1 - • 

Val. 

()ty 

.X'al. 


fjofl 

lOt).( 

»»ri 

(Tv:! 




i 3'*’ 





i:;ij 

37-:; 

1 

1 7 



"1 

8.1 

’4:1-44 

4^’3 





.|.i V.7 

■ '1 

'9 

7 » 

i"’4t-4r) 

381; 




1 0 . 0 * 

1 




:>t 

M ’iTr lo 

f>»1 


132 

i.G 

3 


1 

:>9 

•!0 .g 


In ’38-39, llu: revenue from imports of 
potable spirit was Rs. 1 32 laklis, and from 
other forms of spirit, Rs. i().2 lakhs ; and 
in ’43-44, Rs. 158 laklis, and Rs. 7.5 lakhs, 
respectively. 

'flic customs duty on most forms of pot- 
able spirit is, at present (1947)5 Rs. .')b-4 
per gal. of proof spirit ; on spirit prcs<*nt in 
drugs and medicines, where strength is not 
to be tested, Rs. 48/- per gal., otherwise, 
R.'. 34-13 ; on perfumed spirit, Rs. 60 per 
gal., or 25 per eent. ad valorem, whirhever 


is higher, ///«.v one-half of total duty ; and on 
denatured sjiirit, ii.j jier cent, ad valorem. 
The preferential rate for spirit in drugs and 
inedieines from the U. K. is lower by to 
per eent. 

POWER ALt:oHOL 

Since the commencement of industrial 
production of absolute alcohol, it is being 
extensively used in admixture with petrol 
as motor lucl in .several countries, .such as, 
Trance, (.ermany, Austria, Sweden, and 
Brazil. Alcohol blends, containing not more 
than 23 per cent, of alcohol by vol., may 
be used inlcrehangeably with neat petrol lif 
equal anti-knock rating. Such bleiuls us- 
ually contain 3-25 per eent. of alcohol. 
These differ from petrol in their physical 
and clieniieal properties to the same dcgri'e 
as various lommercial petrols. Only the 
latent heat of \apori/ation iin reasi-s rapid- 
ly, with increase in the j.>i'o|)ortioM ol alcol.'ol. 
The eharacUristie properties of alcohol, 
1. < its higher latiait heal of i-\ riporalion, 
and lower cal. \'al., do not become |iro- 
rninen' until its proportion ri .es al;o\e ■.!") 
per cent, (llnbeiidiek, es Rep. Jt. Power 
.'\leohol .Molasses In(|nir.y (!omin. Bihar 
and I \ P., lor. Hi., .p.; ■. 

rnVSICM, .\M) ( MKMICAI, I'lO )|’l K I It S OK 
Al.COltOI, lll,l.\U.s» 
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The substitution ol* alcohol blends in a 
motor engine, without change in ignition 
or carburettor adjustments, docs not result 
in any decrease in power output, or increase 
in specific fuel consumption. Instead, there 
may be a gain in power output and lowering 
in specific fuel consumption, and this will 
be the case particularU when tl?c engine is 
operat('d at part throttle and with air- fuel 
ratios lower than those for maximum eco- 
nomy (Christensen, loc. rit\ With the 
carburettor and ^j)aik set for the mean of 
the optimuTTi values, for the two types of 
fuels, little deference in power, acceleration, 
or fuel consumption, is observed with a 
!(/ per cent, blend or even with a '>0 
p(‘r ceiit. blend under many opeialing 
conditions (Bridgernan, lihlustr. Chem,^ 

iplib, 28^ 1102). 

Klhyl alcohol lias an octane number of 
about 90, and in blends it serves the purpose 
of inercasiiig the: fuel (diarac Verislics of 
motor spirit. It raises the octane rating of 
petrol ol' (>0-70 octane number by ap])roxi- 
mately 0.9 unit [)er vol. per cent, of alcohol 
added, within the limits of 5-20 percent, 
of aleoliol. 10 per cent, and 20 per cent, 
of alcohol by vol. arc eriuivalent to 
about I and 2 c. c. of tetraethyl lead [)er 
gal, of petrol. However, the anti-knock 
clfeetof both aleoliol and ethyl lead depend 
upon tlic jictrol used. 

Owing to better anii-kiiock characteris- 
ties, alcohol can be used in engines with 
higher compression ratios. The fuel con- 
sumption for a 20 per rent, blend at b.8 : i 
compression ratio is identical with that for 
petrol at fj.o : i compression ratio, showing 
that an increase in compression ratio of 
36 per cent, is required in ihc ease of the 
Idend to compensate for the lower heating 
value of the alcohol in tlie blend (IJchty 
and Phelps, ludvslr, Engnjj, (J/iem., 1938 , 
31^9 '222), 

Road tests for comparing fuel consump- 
tion are extremedy difiiciilt to standardise. 


Hence, numerous varying results are re- 
ported (Egloff and Morrell, In^mtr, Ertgng. 
Chem,^ ^936, 28, 1080 ; Christensen, loc. 
cii.). In general, the mean values show a 
gain in mileage with the blend (10 per cent.) 
amounting to 5 per cent, at 20 miles per 
hr., falling to i per cent, at speeds of 40 
miles per hr. The average fuel economy 
with petrol in a particular test w'as 15.9 
miles per gal., and for a 10 per cent, blend, 
15.85 miles per gal. In another test at a 
speed of 40 miles per hi., fuel economy for 
petrol was 16.54 rnilcs per gal., and with 
the blend 16.02 miles per gal. 

In road tests carried out by Mr. J. 
Charlton (ex Rep. Jt. Power Alcohol and 
Molasses Inquiry Comm., Bihar and U. P., 
/or. ri/., 67) the carburettor of a 20.9 h. p. 
car was previously adjusted for economy 
and was not altered in any way during thc^ 
tests. Alcohol-petrol blends gave* a slightly 
higher mileage* per gal. than neat 
petrol : 



Miles 


per gal. 

I. BiiriiKi oil (lornpany prtrol 

21.1:5 

2. 15 : mixturr . . 

22.10 

2:1 : 75 »> 

.. 22.73 


One of the principal dilTicultics in tlie 
urc of alcohol-petrol blends is the tendency 
of blends to absorb water from the sweating 
of tanks, or from other caii.ses, and the ron- 
secjiicnt separation of alcohol from blends, 
especially at low temperatures. To overcome 
this dilTicully, the use of blending agents, 
such a.s, benzene or toluene, and higher 
alcohols, is suggested. The liigher alcohols 
arc approximately 10 times more cflectiv'c 
than aromatic hydro-i arbons in raising the 
water tolerance. This defect, however, 
is not a serious disadvantage in India where 
atmospheric temperature is generally well 
above o”. 
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WATER TOLERANCES OF BLENDS OF ETHYL 
ALCOHOL AND AN AVERAGE COMMER- 
CIAL PETROL* 


Water tolerance, vol. per cent. 


'Temp. 

5 

cent. 

blend 

10 per 

cent. 

blend 

20 per 
cent, 
blend 

104 

0.19 

0.46 

1. 1 [ 

1)8 

0.15 


n.83 


o.i 1 

0.25 


- 4 

0.07 

0.1 8 

0.40 

—40 

0.05 

0.11 

0.26 


• ISi'idi'cinaii, Ifjc* at. 

Vapour lock, interference with fuel feed 
system as a result of formations of vapour 
or gas, is caused by the use of a fuel which 
is so volatile that boiling occurs in the fuel 
feed lines, the capacity of which for handling 
vapour is limited. The increase in vapour 
pressure (Reid) in 20 per cent, blend is 
approx, o.f) Ib./sq. in., and 0.8 Ib./sq. in. 
in a 10 per cent, blend. Accordingly there 
is little difference between the vajjour lock- 
ing characteristic of petrol, and of the same 
petrol blended wjth 20 per cent, of alcohol. 
Starting w'ill be easier above o"F. with 10 
per cent, blend than with petrol (Bridge- 
man, loc. cit.). With 20 per cent, blend 
(here is no difficulty in starting even at the 
minimum temj>craturd encountered in India. 

Wawrziniok showed that with metals, 
excepting tin, less corrosion is produced by 
alcohol than by petrol. In the di.stribution 
of 20 per cent, alcohol blends in Sweden, 
<luring a comiderable period no abnor- 
mal corrosion of any kind was observed by 
Hubcndick. However, both ethyl and 
methyl alcohol react with magnesium and 
aluminium at high temperatures, and it is 
pos.sible that corrosion of these materials 


occurs within the combustion chambers if 
fuels of high alcohol content are used, and 
if the fuel enters the cylinders in the liquid 
state. Corrosion due to ac'ctic acid forma- 
tion also might occur with fuels of very 
high alcohol content (Christensen, loc. cit.). 

Blends containing not more than about 
25 per cent, of alcohol by volume are in no 
way diflerent from petrol as regards lubri- 
cation. 

When using fuel alcohol in |)etr<)l run 
motors, certain nu'difications to the car- 
burettor and air supply ar«“ necessary owing 
to din'erences in the properties of tlie two 
fuels (Vernian and Nair, sd. itiilu\tr. 
Res., i94<), 4, Got). 

FROPERllES OF PETROL AND KKCl lFI I.D 
SPtRir 


Properties 

Rectified 

spirit 

1 (jr, per 
cent. l)v 
vol.) ‘ 

PiMroI 

Sp. gr. at bo !•’. 

o.BiO 


Viscosity in cmtijmise.s at ;;o 


0. p)2 

Total heal for roiiiplele evapo- 
ration at /bo nnn. from o . 
C 3 al.-'^. iTor 

I Of) per cent. , 

11^8 

alc(jhol) 

V. p. in inm. of Ilj^. at ;f)* 

77 

« If)-*”) 

W p. in Him. I'f IJj^. at lo*^ 


7 t)- 9 o 

Xoi ral. v.il. (B. 'i’ll. 

H7,‘j;pi 

I pi, 700 

Theoretical (pianlity of air 
ref[iiired for coniplete coru- 
bii.slion in lb. lb. 

}(.4 


Indicated iherinal ellit.icncy in 
jXT cenJ., at coin prc.s.'= ion 
ratios of - 



5.0 : I 


.P -7 

7.0 : I 

3 «-’ 

: 17-4 
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The r;vti(» of mileage jier gal. of spirit to 
that of petrol is 64 per cent, and 63.8 per 
cent. resi)eetively, for compression ratios of 
3 : I and 7:1, llic usual range in motor 
vehicle engines. Tiie rate of How of spirit 
to the engine has to be increased to 1.56 
times that t>f petrol, by altering suitably 
the si/c t)f the carburettor jet. Further, 011 
account of the higher sp. gr. of rectified 
spirit, the float will have to be weighted 
down to the correct level. Also, owing to 
the smaller quantity of air recpiired for 
the complete combustion of alcohol, the 
amoimt of air entering the cylinders is to 
be regulated by modification of the air 
inlet, or by operating the choke. 

T.ichty and Ziurys {Juduslr. luignj^. C'lnm., 
193(5, 28, 1091), in their study ((f engine 
performance with petrol and ahohol (tqo" 
U. S. proof), found that at max. power 
output (air-fuel ratios of 7 : i for alcohol 
and 12:1 for petrol) liiel consuoipliou was 
about fio ])er cent, by wl. or 50 per cent, 
by vol., higher witli alcohol than with 
petrol, for the same output o( power. 
Although higher coiTi|)re.ssion ratios may be 
used with alcohol, the advantage is more 
than ollset by tlu- lower heating value of 
alcohol compared with petrol. 

Verinan and Nair (lor. cil.) conducted 
road tests with a 3 ton (Hicvrolct truck and 
a Ford Station Wagon. In the case of the 
truck they obtained a mih^grr ratio of (>7.8 
per cent., using a jet of twice the si/.e of the 
petrol jet, and a mileage ratio of 65.7 per 
■cent, by mere choke control without any 
change in the jet. With the Station V/agon, 
w'ith spirit jet area 2.0 and 1.7 times the 
petrol jet area, the mileage ratios were 
rcsj.'CcHvely (io |jcr cent, and 59.3 per 
cent, (vide also Sri. & Cult., 1943, 5, 898 ; 
./. Indian chem. Soc., Indusir. <S? AVior Ed., 
19.13, Performance, on spirit w.ts 

quite good on long runs, but not .so .satis- 
factory on short runs, involving frequent 
starts and stops. For satisfactory driving 
under all ct.nditions through city tralTic, 
the idling performance ha.s to be improved. 


Finally when atmo.spheric temperature falls 
below 7 o'’F., owing to the lower vapour 
prc.ssurc of alcohol, a special starting 
arrangement such as the heating of the 
carburettor and intake system, or providing 
alternate ptjtrol supply will be necessary. 

POWER ALCOHOL IN INDIA 

The distillery of the Mysore Sugar Co. 
was the first to produce power alcohol in 
India using the Mcllc ist technique. Since 
’39, this distillery has been producing on an 
average about 1.4 lakh gals, per annum, 
for blending with petrol (13 per cent, al- 
cohol) used in the Mysore Slate. The 
Bodhan distillery of the Hyderabad Cons- 
truction (k). started operating the 4th 
technique in ’42, and has been producing 
annually 3 lakh gals, of power alcohol. 
'I’he Central Distillery and (Hiemical Works 
of Meerut, also using the isl technique, h.as 
be<‘n -producing power alcolu)! since ’42, 
and its production rose to 3 lakh gals, in 
■43-.1.(5 (Indian Sugar, 1947, 10, iv, 73). 

l.)uring the last War, eight large distil- 
leries in the IJ. P. were etjuipped with 
power alcohol plants similar in design to 
that of the M(;erut plant. Fhey were, 
howev<’r, producing only fuel alcohol from 
Mar., 43 at the rate of about 2.3 lakh gals, 
per month (Indinn Sugar, 1946, 9, 312). (.)w- 
ing to acute .shortage of ])etrol in the IT. P., 
lorriers of certain .size were obliged to rim 
only on fuel alcohol. They started pro- 
duction of power alcohol in ’48-47. The 
combincil capacity of these plants is about 
3 million gals, per annum, and two more, 
each of a million gals, capacity, are in the 
course of construction. In the Btimbay 
province one distillery is equipped with 
pow'er alcohol plant. 

In ’46-47 the total production of fuel 
alcohol and power alcohol in India was 
19.2 lakh gals, and the rev'enuc from this, 
Rs. 14.8 lakhs. Hitherto, in spite of the 
much larger plant capacity, the production 
of jjower alcohol has not risen above i 
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million gnls. per ;nuuini. Mol^isses, wliirli 
was formerly a waste product of no value, 
lias risen considerably in jiricc afLcr the 
expansion of the alcohol industry, and for 
economic production of alcohol, proper 
control and distribution of molasses arc 
essential. 


Tlic distribution of p<3vver alcohol presents 
certain difliculties in order to protect against 
its diversion for potable purposes. The 
denaturant must be non-corrosive and also 
should not form any resin inside the cylind- 
ers. 'The U. P. Chwernrnent re(|uircs the 
addition of vol. of kerosene to mo vol. of 
power alcohol, and tin* Panel has suggested 
(he use of f) per cent, of jietrols as denaturant 
(vide also Rep. Panel Sugar Alcoliol Food- 
Yeast Induslr., lor. App\. 22, 4(1). 

Sugar-cane cultivation and sugar industry 
an* concentrated in tlio U. P. and Bihar. 
U. P. is the largest prodnv‘cr of alcohol 
in India, and will continue to luive tlie 
lead even in (he scheme of expansion 
4iro|)osed by the Panel on Sugar, Alcohol 
and Food-Yeast Industries. In ’4f)-4(> 
the production of dilliacnt grades of al- 
cohol in the IT. P. in lakhs of gals, was : 
methylated spirit, lo.o.j. : rectified spirit, 
23.5}} ; fuel alcohol, 17.1;? ; and power 
alcohol, g.ob (Indian if) 17 , lo, iv, 

7 a). ^ 


iMU)PO.SED Disruinij riON C)L POWER AL- 
C:OHOL PRODUC'I ION IN INDIA (FIVE- 
YEAR TARGEI) 


rrovincr 

U. i*. 

Biluir 

Bengal 

Bombay 


Pi'oiluclion 
(lakhs of 
<jals. > 

I iG.f, 

450 

7*5 

12.5 


NTtulriis B.o 

The Panel has estimated that in large 
distilleries cost of production of power 


alcolu>l is about As. ?{ per gal., when the 
price of molasses is .As. G per md. 'This 
estimate, however, is subject to a number 
of variable factors. The controlled market 
])rice of rectified spirit in the V. P. 
during ’45-47 was Rs. i-<{ per gal. and the 
ex distillery price of fuel alcohol. As. i ji. 
The sale price of fuel aleohol, including 
excise duty and distribution cliargcs, wa.s 
Rs. 2 -i-G. To this has to be added As. 2-3 
extra for transport eharge^s. The U. P. 
(Government fixj‘d the jiriee of power alcohol 
at As. II per gal., but the pi*\scnt: cost of 
proiliietion according to the (Central Dis- 
tillery at M«*eiiit is at least Rs. i-i per gal. 

Til geiK'ral, the cast of |)rodiielion of 
aleoluil IS nowhei’c less tlian that of petrol, 
the landed cost of whirh at Indian yvirts is 
(a. As. G.l per gal. It is e\|)eet(‘d tliat the 
20 per ((‘lit. bleiul now in use in tlie U. P. 
and rerommeiulc'd for general adoption in 
India will cost the (‘orisunun* As. i f-2 nir)re 
per gal. than ordinary petrol. 

The capital invested in the industry is 
now nearly a erorv of lufiees. New plaiibs 
of one million gal. capacity are estimated to 
cost Rs. 10 lakhs t*aeli. ( 3 f this amount, only 
R.s. 2-3 lakhs .art! for importetl (Mjnipmcnt. 

'The j>re-War annual consumption of 
petrol in undivided India was about mo 
million gals., of wliieli only 17 million 
gals, weit' pi'odnced in die country, 'riie 
]irescnt raliontal annual consumption in 
the Indian Union is 120 million gals., 
and |)rodnrtion, 12 million gals. [Calntal^ 
H)4n, 120, 54). Thus ()o per cent, of Indian 
re(|nirem«'nts of petrol have to be importexi 
fi’orn the Ptasian (lulf area, Burma, and 
other sources. Consequently, when the 
maximum production of power alcohol 
is reached, India will elTect a .saving in her 
imports of iietrol. In addition to utilizing 
the entire quantity of molasses produced, 
India will have a strategic industry sup- 
plying an alternative fuel, partially com- 
pensating for her present poveaty in [)elro- 
leum icsourccs. 
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ALKALIS 

The term ‘alkali’ is applied to a number 
of bases which neutralize acids. Alkalis 
arc generally soluble in water, and the solu- 
tions arc soapy to touch. Solutions of caus- 
tic alkalis, such as, sodium and potassium 
hydroxides arc corrosive and dissolve 
wool and skin. Sodium and potassium 
carbonates eircrvcscc with acids, and they 
are not corrosive. They are called mild 
alkalis. 

The most important alkalis arc sodium 
carbonate, sodium bicarbonate and sodium 
hydroxide, and lluar production is an iirt- 
]H)rlant branch ofthe C.hemical Industry’. 
'I’Ih'v are rerpiired in very large quantities 
for the manufacture of gla.ss, paper, soap, 
textiles, etc., and in iniinerous other indus- 
tries. 

Sodium Carbonate 

The decahy<lrat(r of .sodium carbonate, 
Na.CO,. loH.O, .also known as washing 
soda, is obtained by crystallization of a 
solution of sodium carbonate at tempera- 
tuns lx*!ow , It occurs as c<'lourlcsr, 
tran.sparenl, rhombic crystals, which 
elTlnre.sce when exposed to air, forming 
the monohydrate, Na,('. 0 ,.H.jO. The crys- 
tals of the decahydrale emtain over (io per 
cent, by wt. of water, and in tropical climates 
they melt and dissfilve jn their own water of 
cry.'^'tallization. Wlnai heated, they begin 
to melt at about 50” and become anhy- 
drous above Mo". The crystals dis.solve in 
water with, absorption of heat, and solutions 
of soflinm carbonate have a strong alkaline 
taste and arc alk.alinc to litmus. 

I 

Ciastals of the monohydrate, Na.X<03. 
H/), also known as ‘crystal soda,’ arc 
obtained when crystallization is carried out 
at temperatures above 35". Unlike the 
decahydrafe, the.se arc not cllIorc.scent, and 
dis-solvc more readily in water with evolution 
of heat. 


Anhydrous .sodium carbonate also known 
as soda a.sh is sold in two grades : ‘ light 
ash ’ and ‘ heavy ash’. The former weighs 
35 lb. per c. ft. and the latter, 50-67 "lb. 
per c. ft. Heavy ash costs less iri packing 
and is preferred in the glass industry. 'ITie 
usual impuritip in .soda ash arc small 
amounts of sodium chloride and sodium- 
sulphate, but the ash prepared by the 
Solvay process is above 99 per cent. pure. 

Sodium carbonate is still marketed on 
the basis of its Na^O content calculated 
from old atomic weights (New York and 
Liverpfiol test). Pure .sodium carbonate 
contains 5i‘J.5 per cent. Na,, 0 ; it is graded 
as 60.4 per cent. Na, 0 . Other mctliods of 
grading are also prevalent on the Ckjn- 
tinent, but it would be more comenient 
to (juote the actual percentage of Na, CO,. 

With the c.xception of lime, .soda a.sh is 
the cheapest article consumed in several 
manufacturing indu.strics. Large (|uanfitics 
are used for the manufacture of cau.stic 
soda, sodium bicarbonate and other che- 
micals. Next, in order of consumption, 
comi'S the glass industry. Considerable 
quantities of .sodium carlxmate arc also 
used in w'ater .sofiening, oil refining, metal- 
lurgy, lauuderuig, and for wa.shing pur- 
])oses. 

Sodium carbonate, both crystalline and 
anhydrous varieties, is u.scd in the jirepara- 
tion <)f bath salts. A very ilil. aqueous 
solution (0.5 per cent.) is employed to 
relieve irritation in eczema. 

‘ Modified sodas ' consist of mechanical 
mixtures of sodium carbonate and bicar- 
bonate. These are irscd in cleaning opera- 
tions where an alkali less strong than 
sodium carbonate is required. Where a 
strong alkali is necessary, as in water 
softening, metal cleaning, bottle-washing, 
etc., ‘ causticised ash ’ consisting of 
mixture of .soda ash and caustic soda is 
employed. 
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Natural soda occurs in the form of dcjXKsiis 
in many dry lak(‘ beds in various [):u (s of 
the world, and in tin; dissolved stale, in the 
brine of certain alkaline lakes, 'fhe de- 
posits consist chiefly of the sesquicarbonale, 
NaX'Qj- NallCOj. 'jH./), kiuiwn as troua 
or tirao^ toi»cther with small amounts (»f 
sodium sulphate, sodium chloride, etc. The 
largest of the dei)osits is in Lake Mai^adi 
(Last Africa) and is estimated to contain 
20 million tons. The other i)rominent 
natural occurrences arc in (Owens I.ake 
and Scarlcs Lake), California, and in Alan- 
churia and Inner Mongolia. For the 
occurrence of alkali carbonates in certain 
Inflian soils and Lakes, vide Alkaline lakes 
and soils. 

Before the manufacltire of soda ash by 
chemical processes, it was obtained mostly 
from the ashes {barilla) of certain sca- 
\v('(ds, [vStdsida sp|).), occurring along 
the southern coastr of Spain and France, 
and from iialural de|:osits, alkaline lakes and 
soils. fATii now, I'airly large (juanlilics <»f 
I'atural soda are being prodiucd chiefly 
in the V. S. A. (130,000 tons in 1940), and 
from Lake Magadi (30,000 tons per annum). 
But the quantities thus obtained (brni only 
a small proportion of the world’s total 
output of soda ash. 

In the LcBlaiic proc<\ss for the' inaiiufai - 
ture of sodium carbonate, patimted in 1791, 
sodium chloriile is converted into sodium 
snl|)hate by treatment with sulphuric acid, 
i he latter is heated to a high temperature 
with limestone, and coke to vicUl ‘ black 
iislf. 

Na,SO, CaCO, | 2C Na.CO, j CaS 

Sodium carbonate is leached out uith wat<’r 
and purified by re-crystallization. In iBbi, 
Lrnst Solvay rediscovered the so-called am- 
monia-soda process, which has now almort 
entirely superseded the older process. Most 
*»r the world’s present output of soda ash, 
estimated at 7 million tons per annum, is 


now' manufactured by tlie Solvay i)rocess. 
The cliicf advantages of this process are 
the low cost of produetion, and the high 
imrity ofthe earboiiale. 

In the Solvay pioiess, a concentrated 
solution of common salt is saturated with 
ammonia and then with carbon dioxide, 
W'hen ammonium bicarbonate is formed. 
This reacts with sodium chloride forming 
sodium bicarbonate and ammonium 
chloride : 

NaCl I NH.IICO,- NallCO, | NH,C 1 

NaHCO., is itisolublt' under the conditions 
of ri'aclion and is ])rc(;ipitat( d out. 'lliis 
is filtered and cah iii(*d to yield Na .CK),. 

vNaII(: 0 ,.->Na,(: 0 , i CO, | II/) 

Aniiuoiiia, nroxi red by dislilling the rcsi- 
dual liquor coiitainiiig ammonium chloride 
witli milk oflijiie, is again used in the cycle of 
operations. 

Although tlie reaelif>r.s irixolvcd in the 
Solviu proc(‘ss are com])aralively simple, 
successful f)peiation r(*(|uir(‘s a high degree 
of technical skill and scicntilic training. 
A careful integration of various stages is 
nece.s.sar\ , especially as the process does not 
admit of any iuternipiion. Most of ihe 
ojH-rations involve reactions bi'lwecii gases 
and li(|ui(Is, and [)roper designing of the 
equipmtait: is ol' the utmost importance, 
especially to prevent clogging of tlie pas- 
sages, scale formalioii, and gas h'aks, lead- 
ing to loss of ammonia. Another vital factor 
on which production depends is the control 
of lcmper<ilnrc at each stage of lh<‘ vaiious 
opcTations. 

Theehiel' raw materials for the nianu- 
facturi! of soda ash by the Solvay process 
are salt, limestone and ammonia. .Small 
quantities of soduim sulphide are also iiei'es • 
sary. The plant should be located within 
eas\ reaeh of raw materials and coal, and 
should have a large supply of good quality 
water. 
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Salt is used in the forni of saturated 
brine prepared from cither sea salt or roek 
salt, the latter beint|[ preferred on accoiint 
of the smaller amounts of impurities in it 
(Rogers, I, 411; wVralso Vakil, Salt, 1945). 
Natural brines and sea-water saturated 
by adding extra salt may be used dio'Ctly, 
but in these cases purification of brine is 
an elaborate process. 

lamcstone furnishes carbon dioxide for 
carbonation, and lime for the recovery of 
ammonia and for the purification of brine. 
It should be of high grade (CaO. 85 per 
cent.), with only .small amounts of mag- 
nesium carbonate fup to (i per cent.), silica, 
aluminia, and iron oxide. I’his limestone 
is usually mixed with coke and burnt, the 
carbon dioxide (lean gas, CO.^, 40-43 
per cent.) being collected separately for 
carbonation. 

The ammonia re(|uirements ol' the process 
are fairly large. The quantity of ammonia 
present in the system is 0.45 ton per ton of 
.soda ash manufactured. But fortunately 


the losses are .small. 

GONSUMFI'ION OF RAW MA’IKRIALS PKR 
TON OF .SOD.V ASH 

Salt 

l.fjO — 1. 7 r, Ions 

Liirtestone 

.. 1.20-1.35 „ 

Coke 

. . 0.095 nil,,- 

Coal 

.. <). 4 i ’-<).75 „ 

Ammonia 

4.94- -9.88 ib. as (Nri4).,S()4 

CO, 

ii2f) — I3/J4 r.fl. 

Na.,S 

. . 0.0012 — 0.0024 ton 


These figures apply only to large plants, 
ami smaller plants are much less economical 
in the consum})tion of raw malei ials. 


riie first step in the Solvay process is 
tlie prejraralion of a saturated solution of 
.sodium chloride, and the removal of calcium 
and magnesium compounds from it. For 
this, brine is treated with lime, ammonia 


and carbon dioxide, or with lime and soda 
ash. After clai’ification, the clear liquor is 
cooled and tran.sfcrred to the ammonia 
ab.«orber. Purification of brine may also be 
cficcted during the absorption of ammonia 
by passing in a small amorrnt of carbon 
dioxide. 

Since ammoniated biitre has a corrosive 
action on iron, a small riuantity of sodium 
sulphide is added to the ammonia still, and 
hydrogen suljjhide liberated passes along with 
ammonia gas, and gives a coating of ferrous 
sulphide to all iron apparatus. Ferrous 
sidphide is inert in alkaline solutions. 

During the absorption of amnu)nia, coji- 
siderable heat is evolved, and also the volume 
of brim" increases. Since rise in temperature, 
increases the ])artial jn'essure of ammonia 
and decreases the quantity of ammonia in 
.solution, the aljKorptiou tower is fitted with 
cooling coils. .After the requisite amount 
of ammonia has been introduced, brine is 
allowed to settle, cooled tt» af)", and pumped 
to the carbonating tower. .At this stage it 
cont.iins about 80 g. of ammonia and 260 
g. of sodium chloride per litre. 

Carbonation is carric’d out in a tall, cast- 
iron tower, nearly yf,' in lit. and fi-7' in 
internal diameter. It is leakproof and is 
built of .several compartments of special 
design, fitted tight to one another. Am- 
moniated brine fed from the top of the 
tower meets with a strong counter-current 
of rich carbon dioxide fed from the bottom 
at a pre.s.sure of about 30 lb. As the reaction 
proceeds, carbon dioxide is rapidly ab- 
.sorbed, tio g. of ammonia per litre taking 
up 166 g. of CIO, for conversion into 
the bicarbonate. Soilium bicarbonate 
separates out from solution in the form of 
fine crystals. The temperature rLses to nearly 
about half way down the tower. 
The crystals grow larger as the temperatun- 
gradually drops to 25 ' in the lowx-r portions 
of the tower and form a slurry. This is 
drawn off periodically and filtenxi under 
vacuum on a rotary open-drum filter. Tin- 
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cake is washed with wat(M’ lo free it from 
salt and ammonium chloride, and fed (o 
the calciner. 

The tow(‘rs become fouled ;ifter fi)ur 
days of operadon, and the coolinii; tubes 
coated with much sodium bicarbonate, 
which reduces their cfliciency. "i’he tower is 
cleaned by partial carbonation of ammo- 
niated brine during 18-24 while the 
temperature is maintained at s8-.j.o . The 
brine dissolves all the sodium bicarbonate 
and is sent to another tower for further 
carbonation. It is usual to work with at 
least 4 columns, three of which are used for 
preparing sodium bicarbonate, wliile the 
fourth is being cleaned. I^^ach tower pro- 
duce's the ef|uivalent of f)0-()0 tons of soda 
ash per s.}. hrs. 'riius the minimum capa- 
city of a plant for economic oi3er4ttiou is 
150-200 tons per 24 hrs. 

The calcination of sodium bicarbonate is 
carried out in a rotary furnace. The chief 
difliculty in this operation is the caking of 
the bicarbonate. To reduce* this, wet 
sodium bircarbciuatc is mixed with some hot 
sod«i ash, and the calciner is fitted inside 
with a heavy scraper chain, to break up 
any lump formed. The exit gases arc 
chiefly carbon dioxide, and some ammonia, 
mixed with a large amount of steam. When 
these arc cooled, ammonia liquor is form- 
ed, and the rich carbon dioxide left over, 
is retuineil to tire carboriator*. 

After separation of the bicarbonate, the 
filtrate contains most of the ammonia used 
in the process, chiefly in the form of am- 
monium chloride, witii small amounts of 
cai'bonatc, bicarbonate, etc. 'This ammonia, 
since it is an expensive material, must be 
recovered completely lor the economic w’oik- 
ing of the Solvay process. This is clT'ctcd 
in a still, the upper pai't of wdiicli is heated. 
As the liquor flows dowm, carbonate arul 
bicarbonate arc decomposed, and furtln'r 
down the hot liquor merits with hot milk 
of lime, which decomposes ammonium 
chloride. The vapours leaving the lop of 


the still consist of a mixture of aiiimoiii;i 
carbon dioxide and some steam. 

Tlw* exhausted liquor contains abcmi 
g. per litri! of residual sodium cliloi idc, ai^l 
calcium chloride, 'flicsc arc sometimes k - 
c(»vcicd, or run out wilh waste liquor. 'The 
loss of ammonia is 0.35-0.5 per cent. <'l 
sodium carbonate mauiifactureil. 

The hot soda ash is cooled and serrened 
thr'ough 8-12 in(\sh, and I Ik* Miglit aslf tlius 
obtained is bagged. A denser finan ol 
‘luxivy ash ’ is jirepared by mixing light 
ash wath a small quantity of waiter and re- 
diying it. in a I'otaiy dryer. I'Ik* minimum 
Na.,CO.j content of soda ash pra'pai’cd by 
tlie Stilvay process is 98.5 per cent., and 
good graclrs contain iq.) to ()f).5 per ca nt 
(Mou, Afaniifaetnre of Soda, K).j2, 

Wtum compared with industrially de- 
veloped countrars, India eonsmnes onlv 
a small amount of soda ash. In ’q 4 
the estimated consumption in the IJ. S. A 
was over 4 million tons, wlii!(* in India it 
was only 107,500 tons. The target for pro- 
tluction in tlie next 5ycarsset by tlicn(‘avy 
Chcni. Iiiflustr. Panel (Rer). Ihaivy (jIk'iu 
and ldcctro-(^h<’m. Industr\ I’anels, i«M7, 
14) is only 270,000 tons. The disiribution 
of soda ash among various consuming in- 
dustries in the IJ. S. A. and in India in 
*/}4, and the estimated consumption in tiu' 
near future in India arc given in the follow 
ing table : - - 



( 'onsuinplion in 





I'lVf 




yrar 

Iiidnsti y 

In V, S. A. 

In India 

tai 


(dons) 

('fons) 

(’Inns) 

(ilass 

1 , 1 48,000 

25,000 

50,o(M' 

Pape-r 

14^,000 

1 

‘J.j 

T<*xlilrs 




Dichromatrs 


5aM)o 


Sodium silicate 
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Consiitnplion in ’44 


Industry 

In 

U. S. A. 

( Tons) 

In 

India 

(Ilmis) 

rive 

year 

target 

('Fons) 

Ordnance factories 



•^,000 

Misc. elieiniral in- 
duslrics 

<) 12,000 


.1,00( 

Other industries 

() 47 ,o<»o 

48,000 

70,000 

Caustic soda and 
bicarbonate 

<) 19,000 


95,000^ 

li^xports & misc. 





4,177,00 

1 07,500 

2(>7,ooo 


♦For 57, ,if raiistir sochi. 

Until ’40, India's animal minircnicnls 
of soda ash were, met imliirly by imports, 
chidly from Crcat liritain. The average 
annual imports during the qninqiienniiun 
ending ’gb-‘V) were (i'j.i.oo tons, valued at 
Rs. 6o.i8 lakiis. 

In recent years, increasing quantities of 
natural soda arc coming from Kenya Colony 
('30,000 tons in ’43-41)- This ash letches a 
lower ])riec, since it contains ;i small jjro- 
portiop of organic matter which discolours 
it, and also some im})uritics, especially iron, 
which render it unsuitable lor use in the 
manufacture of white glass. 

The first attempt at the manufacture of 
soda jish in India was made by the Sri 
Shakti Alkali Works, immediately after the 
first World War, at Dhrangadhra in Kathia- 
war. I’his, however, provecl abortive and 
the factory closed down in ’31. I'he 
Dhraiigadhra Chemical Works, a new con- 
cern, ])urchased its assets just before the 
second World War, reorganised the works 
and w'cnt into production in ’40. Their 
annual outjmt is 18,000 tons of soda ash. 
The soda ;ish plant at Khewra (the Punjab) 
of the Alkali and Chemical Corporation of 
India, asubsii'.iaryofthe Imperial Chemical 
Industries (India), of capacity 20,000 tons 


per annum, began production in ’45. 
Messrs. Tala Chemicals started the con- 
struction of a large plant of capacity 
3f),oo() tons per annum at Okhamandal in 
*39. outbreak of hostilities created 

c.\ccptional diflicultics and the elTects of the 
war ha\'c hitherto hindered the successful 
development of this project. Thus, although 
the rated capacity of the three Indian plants 
is about 74,000 tons per annum, production 
has bi'en much less. A rapid expansion 
in production is vital to India’s indiis.rial 
development. 

The total iiu esiment in the AILiIi industry 
in India '^if)4,')) is estimated at about Rs. 3 
crores. 

SODIUM ItlCARIIONATE 

Sodium bicarbonate, NallCO..,, also 
known as baking soda, oiciirs in tlic form 
of a w liite powder or crystalline lumps (sp. 
gr., 2.20). It is soluble in water, but not in 
alcohol. Its aqueous ^x.)Iu(ioll has a saline 
taste and gives a feeble alkaline reaction. 
When heated, the tiry substanec begins to 
lose carbon dioxide at 230 and is converted 
into sodium carbonate. 

Sfxliiim bicarbonate is chiefly used for the 
preparation of carbon dioxich; for aerated 
water. It is a constituent of baking powders 
and enferve.cccnt salts, and is used in fire 
extinguishers. 

In medicine, the pure, salt is administered 
in all cases of acidosis, biIiousnc.s.s, dyspep- 
sia, and llatulenec. It is also useful in 
bronchial catarrh and bronchiti.s, rendering 
the secretion le-s.® tenacious. A very weak 
.sohition (2 per cent.) is used as an eye 
lotion, atnl to relieve the irritation of 
urticaria and eczema. 

Sodium bicarbonate is obtained as an 
intermediate product in the manufacture 
of soda ash by the ammonia-soda process. 
This crude product is difficult to dry and 
contains an appreciable j^crcentage of ain- 
moniurn bicarbonate (3-4 per cent.), which 
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gives it an odour that renders it unfit for 
many uses. 

For the preparation of sodium bicar- 
bonate, carbon dioxide is passed into a 
saturated solution of calcined soda ash. 
The bicarbonate formed being insoliibl<! 
under the prevailing conditions separates 
out from solution, 'fhe crystals are centri- 
fuged and dried in a current of hot air. 
The finished product is usually 99.7-99.8f) 
per cent. pure. It is packed in wooden 
barrels and casks for bulk transport, and in 
bottles and paper cartons for small packings. 

The present consumption in India is 
about 6000-6500 tons per annum, internal 
production being only about 1500 tons. 
Imports are almost entirely from the U. K., 
and during the fpiiiiqeniuuni en<ling '38-59 
averaged 5800 tons per annum, valued 
at Rs. 6.36 lakhs. Messrs. Tata Chemicals 
(Okhamandal) ha\'(; a plant for the manu- 
facture of 10 tons pet (lay of refined sodium 
bicarbonate. 

SODIUM UYDUtl.XlDK 

Sodium hydroxide or caustic soda, NaOI I, 
is a white brittle solid and occurs in the 
form of lumps or sticks (</, 2.13), which 
.show .a crystalline fraetttre. The usual 
impurities in it are .sodium chloride and 
sodium carbonate. It may be purified by 
dissolving it in alcohol, in which the 
impurities arc insoluble, and removing the 
solvent from the filtered solution. On 
exposure to air, sodium hydro.xide rapidly 
absorbs moisture and carbon dioxide, and is 
converted into the carbonate. When luxat- 
ed, it begins to melt at 318“ and volatalizes 
slowly at red heat. Solutions of sodium 
hydroxide are strongly alkaline, ha\e a 
corrosive action on the skin, and destjoy 
organic tissu(^s. Caustic burns should be 
wa.shed with dilute acetic acid or citric, 
acid. Sodium hydroxide is readily .soluble 
in water and alcohol. 

Caustic soda attacks most of the common 
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rnetak e.xcepting nickel. It attacks iron ,i( 
higher temperatures and concentrations. 

Commercial caustic soda is marketed in 
the form of fused lumps, pellets. Hakes, or 
powder, and is graded according to its 
.sodium oxide conteiif. 'Phe .standard grade 
rated as yti per cent. Na..O contains 98 
per cent. N.iOH, the rest consisting of so- 
dium chloride, .sodium carbonate, .sodium 
.sulphate, etc. High grade; alkali retptired 
for the manufacture of rayon should contain 
less than i percent, of itnpurities. 

A standardi/cd 50 per cent, .solution ol 
.sufTicicntly high purity, ( alU;d ‘ Ikjnid caus- 
tic’, is now marketed in large rpiantifies for 
direct u.se in many industries. .Se\cral 
manufacturing industries, e.spee iallv paper 
factories, prepare their icipiireinenls of 
caustic alk.di in their own works and use 
it directly in solution ;.\'.i()II. il' percent.). 

Drums made of steel plates an' used as 
containers for tc'chnical caustic soda, and 
steel tank cars are emplosed lot trans- 
porting licpiid caustit . 

(.jaustic .soda is usually inanufiictured 
cither by the chemical iliine-.soda\ or by 
the electrolytic jn-oce.s.s. In the former, 
soda ash is treated with rpiicklirne : 

Na.CO,, CalOH) ' .t.XaOH i CaCO, 

In the latter, a saturated solution of salt is 
electrolysed : 

aNadl ^ 211, 0 -uNaOfl • If, ' Cl, 

The .simultaneous production of chlorine, 
in cjuantilics nearly ecptal to those of t austie 
soda produced, limiis tin; nst'ol'the elec- 
trolytic. process to areas where there .11 1; 
adecluatc ficilities fiir the economic dispo.sal 
(;f chlorine. 

Plants mannfaetming s(«limii liydroxide 
by the chemical process are usually' ad- 
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juncts to soda ash fartorics. A slroiiff solu- 
tion of soda ash fio-ao j)C'r mit.) is pre- 
pared by dissolviniif (he ash in water, or l)y 
decomposing a solution of sodium bicar- 
bonate from rotary (ilters (ride sodium 
carbonate) by boiling it with steam. 'This is 
cliarg<*d to a cansliei/ing tank pro\ ided with 
an agitat»*r. A solution of milk of lime 
(250 g. CaO 1 .) is gradually run in while 
the temperature is maintained at about 
H,')" by means of steam. Agitation is stopped 
after an hour and the contents of (he tank 
are tran.sferrcd to a .seiies of cylindrical 
settling tanks with conical bottoms. In 
the first of these, the precipitated calcium 
carbonate settles in an hour, and (he clear 
licpior which lontains about 12 per cent. 
N;,OH is decanted. Recovery is generally 
oviT ()p per cent. Plants designed for con- 
tinuous opeialion arc of large capacity. 

'fhc precipilali! is waslu-d several times 
using the wash water in com ter-euirent. 
Fresh water is employed onl)' when it i.s 
nearly free from alkali. The calcium car- 
bonate thus obtained is reealcined to yield 
quicklime, or it may be c miltyrd in tl.e. 
manufacture of cement. 

The decanted lye is used directly in .some 
industries such as paper-])ulp manufacture. 
Its concentration is carried out in multiplc- 
cfTcct evaiiorators till it teaches about 50 
per cent., and is allowed to cool. Most of 
(he unreacted sodium carbonate, sodium 
chloride and other impurities separate out. 
The clarifud liquor constitutes the ‘ liquid 
caustic ’ of commerce. 

Further concentration (up to 75 percent.) 
is carric tl out in a single-eflect nickel-coated 
evaporator. The litpior is then transferred to 
direct fireil cast-iron fusion jwls and heated 
till the temperature readies 500". After 
some time, it is allowed to cool down to 
3f,o‘’, wlicn most ol (he lemaiiiing .sotlium 
caiLonate, etc., arc (hre-wn out. 'J’hc molten 
ma.ss is ladled into diums, each capable rf 
containirg about 700 lb. of solid caicstic 
.soda. 'File mas.s solidifies on cooling and 


the drums are immediately sealed, in order 
to prevent absorption of moisture. 

Sometimes, tine to impurities, caustic 
soda in the pots is found to be coloured 
dark-green or slightly reddish. 'Fhe eolour 
is improved by sjirinkling over the surface a 
small (piantity of sulphur, before it cools 
down to 400". 

2900 lb. of soda ash and 160 lb. of make- 
up lime (CaO, go per cent.) are required 
for the production of 2000 lb. of caustic 
.soda (ii per cent, solution) in a plant of 
capacity, Hg.3 tons |)er day. The etfi- 
cicncy of c.onvcrsion is about gfl per cent, 
Cau-stic soda jiroduccd by the limosoda 
procc’.ss is « f a higli degree of puritv and is 
suitable for use in rayon maimnicturc. 
Cord cpiality caustic soda produced by this 
pi’oec’ss has the following analysis (lion, 
loc. df.^ 2gf») '• NaOlI, gh.'/o ; jNa.jCO,, 
0.60 ; NaCi, 0.30 ; Na^SO.,, 0.20 and 
water and undetermined substanc'es, 0.20 
per cent. 

In the manufacture of electrolytic caustic 
soda, jmrification of brine is the first stage. 
Saturated brine prepared from rock salt or 
.solar salt contains small amounts of calcium 
and magnesium .salts (chlorides ' and .snl- 
phate.s). Calcium, and most of the mag- 
nesium arc picclpitatcd as carbonates by 
the addition of requisite cpiantities of soda 
ash, and the remaining magnesium, as 
hydroxide by the addition of slaked lime, 
or caustic soda residues. Sulphate ions arc 
eliminated by means of barum chloride 
and the brine is heated to 60" to facilitate 
the settling of the precipitate. After filtra- 
tion it contains 25 per cent, of sodiu m 
chloride. 'Fo correct its alkalinity a small 
amount of hydrochloric acitl is added be- 
fore it is sent to the cells. Apart from 
facilities available for the disjiosal of chlorine, 
the availability of cheap salt and electric 
power determine the suitability of the elec- 
trolytic proce.ss for any particular region. 

'Fhe cells which are in general use at 
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present arc of two types : mercury cells, 
and (liapliragm cells. In mercury cells, 
the cathode consists of mercury and the 
anodes arc made of rods of graphite. 
During electrolysis, sodium is amalgamat- 
ed with mercury, and chlorine is liberated 
at the anode. The amalgam is decompos- 
ed by pure water in a separate compart- 
ment, resulting in the formation of pure 
sodium hydroxifle and hydrogen. The 
quantity of w'ater is so regulated astore- 
sidt in the direct production of caustic soda 
of up to 50 per cent, concentration. The 
mercury cells run at high current densities, 
with a current elTiciency of nearly 95 per 
cent. The operating voltage is 4-5 volts 
per cell and i.G Kw.-hr. of power are 
required for the production of i lb. of 
caustic soda. 

Mercury cells have the advantage of a 
high output cAVt. per day) of pure 

caustic soda of high concentration, I ree 
from sodium chloride and odicr impurities. 
The original Castner cell has undergone 
numerous modilii’ations. Oae of these, tlu 
Krebs cell, takes as much as 15,000 amps, 
per cell and is capable of a very large out- 
put. but the initial investment is high 
owing to the cost of mercury. 

The development of diaphragm cells has 
received the greatest attention in the U. S. A. 
In these cells, the tank is made of eitlu r 
mild-steel or concrete, and an asbestos diaph- 
ragm separates the electrodes, and prevents 
the admixture of cathode liquor and chlo- 
rine, without arresting the How of brine irom 
the anode to the cathode. For high energy 
eflicicnev, the anodes are placed as near the 
cathodes as possible, the electrode surl.ue 
is made large and the electrolyte is kipt 
hot. To prevent excessive anode losses, 
electrolysises stopped when about half the 
sodium chloride in the brine is converted 
to caustic soda. I’hc dia|ihragm alknvs ions 
to pass througii by electrical migration, 
but reduces the diffusion ol jirodiicts. I lie 
flow of brine from the anoile to the ciithodc 
inhibits the secondary reaction resulting in 


till! formation of sodium hypochlorite .uid 
chlorate. 

The standard Vorcc cell consists of a 
cylindrical steel cell tank l>()" in diameter 
and 42" in height. Inside the tank are a 
perforated iron sheet cathode, and an 
asbestos sheet diaiihragm, both cylinilri- 
cal in shape. 'Ihe anode assembly consists 
of a cirenlar row of 2.| graphite rods of 
2" A 2'' square section and length. 

Several units arc operated in series, and 
current eflleiiMicy is 95 per cent. 

The Hooker ' S ’ ty].)e cell is {hr iafc'st and 
the most advanced tyrie of diaphragm ('HI. 
The external diiiKMisions of iIk' cell are 
W ■' 4 .‘V • I lit' ft'lk which 

is cubical in shajx', consists of a conci(*te 
top i)iec(S a concrete bottom and a central 
steel frame which carries a iini(|ii(‘ iinger- 
type of cathodes. The se an- made iVoni 
crinipt'd steel win's and arc insi i U'd bclwccn 
the anodis. TIk' calhorh's are dircilly 
covered witli asbotos which forms the 
diaiihragm, and arc coinph'tely innni'isi'd 
in brine. 'flu' cathode assembly also 
carries outlets for hydr(.)gen and caustic 
alkali. Tlie anoih' assembly coii.sists of ;{o 
gra})hite blades set in a liitumcu covered 
Ici.d liase plate. The C(‘ll o|)eratcs at a 
tempc'rature of about 11;,’, lias a large 
production capacity and high eh'ctriral 
current ediciency ()7 per cent. 


The operating dat.i for the Vorcc and 
Hooker ' S ’ type ct'lls arc given below : 


\'.) 
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S'mci: tlu^ lonviTsioii ollkicncy of di:i])h- 
rasm coils is only about >-,0 per emt., the 
clUucnt contains M-i.’ per «'ent. NaOH and 
per rent. NaC.l. 'I'!u; Hcpior b con- 
centrated in double or triple cirect eva- 
porators till the concentration of alkali 
rt'aelies fjO |jer react, and is allowvd to cocci. 
Most of the sodium clcloridc crystallizes 
out at this sla!i[c\ o\vini» to its insolubility in 
strong alkali. This is separated, washed, 
till it contains only 0.1 per cent. NaOH, and 
its .solution is used for the j)urification of 
raw bricce*. 

The f,o pe r cent, caustic licpior after the 
separation of sodium rlcloiide, etc., still 
contains about 1 per cent. NaCl. This 
licpior (liciciid caiiMie) is suitable for ncost 
purposes, and over f)0 per rent, of elc'ctroly- 
lic alkali is maikeled in this form, 'lo 
obt.'iiic solid caii.->lir sc^da, licpiid c'austic. is 
further c'oiireiilrated in a siny.lc'-eHert eva- 
porator till the- roiieenlration leaehes 70- 
i)i‘r eel , and is subsc'cpcently heated in 
c!i I ecl-i red caustic fusion pots. Tlic caustic 
soda thus jcroduccd contains about 2 per 
rent. NaC.l. 

Methods have been developed for the 
liirtbcr puiilicatioic of caustic soda from 
diaphragm cells. In one, licpiid c:austic 
is diluted to per cent, and cooled to 3", 
when pure sodium hydroxide crystallizes 
out in the' form of NaDIl. 3111^0. I hese 
are separatc-d and converted into anhydrous 
NaOH. lie another ircently dc-velopcd 
method, ht(nid cau.'-lic is washc'd with a 
coimter-ciirrent of anhydrous ammenia 
when chemically piinr crystals ofanhydrous 
NaOH separate (cut. 

The chlorine obtained as a by-product is 
coolc'cl, dried, conden.sed and filled into 
cylinders or tanks. The* hydrogen produced 
is made use of for various hydrogenat'on 
processes or fi'r the preparation of synthetic 
ammonia, hydrogen chloride, etc. 

Owing to limited demand for chlorine. 


the world production of chemical caustic 
soda was in excess of electrolytic soda till 
about ’.|o. 'riic chemical process is worked 
as an adjunct to soda ash factories and 
yields a product of very high purity contain* 
ing over 9S.7 per cent. NaOH with less 
than 0.3 per cent. NaCl. The process 
has the additional advantage that it has no 
problems connected with the disposal of 
by-products. 

The electrolytic caustic industry made 
phenomenal progress during the War and 
enabled the rapid stepping up of production. 
Owing to shortage of mercury, most of the 
developments were with diaphragm cells. 
These cells yield alkali of low concentration, 
and an elaborate proeirss of purification is 
necessary to concentrate the licpior, and to 
purify it. Recent developments in (.Jermany 
in the design of mercury cells are likely to 
bring them into greater prominence in the 
production of caustic soda in the future. 
The prodiiclion of electrolytic soda is limited 
only by the demand for the chlorine which 
is sinuiltaneously produced. 

Can.stic soda is one of the basic, heavy 
chemicals indispensable to a number of 
industries such as the manufacture of rayon, 
soap, p.i])er, chemicals, oil refining, and the 
textile industry. Although it is nearly 2.1 
times as ccstly as soda, immense quantities 
are produced and consumed in all industrial- 
ly advanced eouutrics. In ’41, the IJ. .S. A. 
protliieed i,8()4,(ioo short tons of caustic 
soda (089,600 tons of lime-soda and 
i,2o.f),ooo tons of electrolytic soda), and the 
consumption in that year is estimated to 
have been ilistiibuted thus {Chnn. Kngng., 
1947. 54 * «, III) : 



Short tons 

So.'ip 

125,000 

(^'Iicrnicals . . 

390,000 

J^ciroleum refining 

140,000 

Rayon, staple fibres and cellulose film 

345,000 

Lye and cleansers 

110,000 

Textiles 

1 1 o,uuo 
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Short ions 


Rubber reclaiming 


Rs. 41. (>4 lakhs. riicrc* ait* now ilirtx* 
concerns in India producing caustic soda 
with a total capacity of iL>,t)oo tons per 
annum. 


Vegetable oil ia,o‘»o CAUS I’IC; SODA IM .AM S IN INDIA 


fv'Jjui ; r>,noi) tiMis of ,'ilk;ili by 
I III- liii:i--so<Ia pi'or«'ss 
! iOmI 2 ,r»*>o tons by 
■ ibr ••U-rtiolyiii* proc<-.ss, 
I Pi'i'iliK tiiiii so l:ir has 
; b<‘( II inlt'i'initti iit and 
; \('iy iniM h hrlow 
. lajj.'uity. 


i.biMi Siilil fo ( iiiisijiiii I ji ill 
I tin: (iirni of /fO prr 
crnl. solution. 


Pulp and paper 
Misc. including exports 


loojooo 
1 ,000 

'lotal . . 1 , 8 H 4 ,t>oo 


Present Fivc- 

eonsump- year 

tion target t 

crons) CTons) 


llic r.'ita . Mitbapiir 
('hi'niirals 


liio \lkali Rlshra 
& tllwini- iC.ikuii.'i) 
fills (\ir- 

}Miriitii)ii 

'llu: Mfttiir Mittm 
fUu-rniral & 

1 ndusti ial 
Corpuralioii 


ijfloo ' N.tOll Sold 111 sticks 
iiiid lliikfs. iVoduf't 
roiiliuiis A ,.r I fill. 
Nad. 


The present annual Indian rcquircmcnls 
of caustic soda are estimated at only 54,000 
tons, and the Heavy Chem. liidustr. Panel 
(Rc])., /oc. cit.j 18) has placed the five-year 
target for production at 103,000 tons per 
annum : 


.Sou p . . • . . . . • j 


5 ‘.j,t)oo 

Textiles 

i 

ir„,pio 

■,>1,000 

1 

Taper . . 

q,ooo* 

18,000 

Misc. i.;cluding oil refining, 
etc. 

( 3,000 

02,000 

Total 

51,000 

1 03,000 


* Tliis is in addition to the alkali profluffii by many In- 
dian ])apc*r mills (rstirnatrd at 14,000 tons p«-r aoinini, 
I'hoirias, Kep, Oevrlop. Inchistr. \Var Supplies, 2?^,, 

I »r ronsuniption in thrir works. 

I'he larRrt does not inrhuie the alk.ili rcc|uiied fon.iMin 
uiariiifartiire. 

lleXore ’40, the entire t|uanlity of caustic 
^ioda consumed in India was imported, 
chiefly from the U. K. 'The average annual 
imports during the quinquennium ending 
amounted to 22,300 tons, valued at 


IlitluTlo, tlu! (|uajility jmxluccd by the 
laclories has not cMccdcd 3,000 Ions in 
any one year. According to the (sliniates 
of the larill Bd. (Rep. daustie Soda and 
lilearhing Po\vd(*r 1 ndusti)', ipifi, 13), j)u»- 
liyjjlen duclion is i*x[x i ied to leacii t i,/;jn 
r<»ii.s in ’ jd- iq. "J’hns the major iKirlion of 
caustic soda used in the ciMinlr)' h.is still 
be im polled. 


Imports ol caicstic stida aic snbjcci to ;i 
duty of 3I) per cent, ad vahma a ml a pre - 
ferential rate of 24 per cent, (fd ratonw. 'The 
landed cost of caustic soda including i!ul\ 
at present (iqib) is (*.stimalcd at Rs. 15-0) 
per cwt. while tin* fair selling piict! per 
cwl. of the product maiuifactured by the 
Metlur dlicrniral.s is estimated at Rs. 17-10 
during the period Oct. \j()-]^ce. \| 7. 'I’liis is 
expected to go down to Ks. 15-0 per cwt,. 
after Jan. ’48. The 'rarilVBd. was not ill 
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Savour ol an increase in duly on a basic 
chemical which has to be imported in large 
c|uaiitities. Their ])roposal to grant a 
subsidy of Rs. 2 per cwt. for all the caustic 
soda manufactured and sold by the \Icttur 
(^iK^micals during the period mentioned 
above has been accepted by the Covernment. 

(lau.slic soda in die fouii ot Hakes fir 
|>owder fetches a higher price, usually 
about Rs. 2 i)cr e\M. (han ilie fused variety. 

Plans have been inade ft»r a rapid ex- 
pansion in the prodnellon ot eleclrolytie 
eauslic soda by the installation of a number 
<d' small plants '3 tons d ay "1 in various 
('o]\sinning eentres tliiougli^ail tiie (cninlry. 
and production in the fuone is cNpeeled 
Teach y.^jboo tons per annum. 'Dh^ new 
|)lants iiii\e b('en sanctioned only on die 
basis of showing use for 1 hloriiie Vvliirdi is 
simultaneously prodneed. I In r<*pr('Sem 
(he saturation poini for dn* use ol chlorine 
at die |)reseiu stage cf Indian indnstiid 
di:\ elppment. (^ms('(|rie!Uiy, in oidei to 
allain seUVsuflicieiu y witli respeet to ranstic 
sc'da, India will h:r e to inanul'aelnre a 
laige projjortion of lier vecpiirenicnts b\ 
canstieisiny; soda ash, and (lie jinjciurtion 
tS {\\r l;itte]- will liave (n 1 m’ "repiiec! nj) 
con espondingly. 
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Potash or potassiinn carbonate, K (XJ., 
is a constituent of wood ashes. Ray givt's the 
following anahses of tlie ashr,- of some 
plant r.iatei'ials /Voc. ifnl, Sri. hh^ui^ 

^943, 95 J.13; : 


1 strjii 
Chry^.nnthcmum t ■ 
(^«uUon husk 
Batiaiia stem 


Kl>C) 

{ (jcr cent.) 
:]h :)'/ 

M 

10 

.l.h-(34 

32— 33 


Polash is inauufaetnred fixun potassiinn 
chloride tn potassium sulpiiale. 'I’lic aiihv- 
drous salt is a strong dehydrating agent. It 
is employett lor ihe preparation of potas- 
sium sails and in the manufacture ol* special 
glasses. Potassium bicarbonate, KHCO^, 
is formed, when l arbon dioxide is passecl 
through a stmng solution of the carbonate. 
It is less si»lnl)le in water than sodium 
bicarbonate. 


Caustic p(;tasli or potassiinn hydroxide, 
KOH, IS verv similar !('. sodium hydroxide. 
It is piepared Viy the electrolysis of potas- 
sium chloride, or by treating potaj;sium 
carbonate witli milk of lime. Potassium 
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hydroxide is used in the tnainifactiue of 
soft soap. 

Before the War, India's r«-(jnircmenis of 
these potassium compounds Avere met by 
imports, mainly from Germany. Holland, 
and France. 

ALUMINIUM 

.Vluminiutn is the most abundantly oc- 
curring metallic element being even more 
plcntihil than iron. Hov\e\ cr, it never occurs 
free, but is always found in the combined 
stale. It was first isolated in by 

Oerstedt, and was comparatively rare till 
lf 5 hb, when the electrolytic process for its 
preparation was discovered simultaneously 
by Hall in America, and b\ Heroidt in 
France. Since then it has r-ipidly attained 
the position of a major industrial metal. 
^Vo:•Id produelion, wliich in '>() w.is ijyojioo 
metric ions, rose to G7a,|ou metric tons in 
’'.jp. In the latter year, (iermany was the 
leading producer with an onipnl fit 200,000 
.mi'tric tons. 

During the last Wai world i)ro- 

duelion reiuhed a peak ot i.paG.ooo metric 
tons in ‘ to meet the military demands of 
the l)('lligia'cnt iJovver*,. Kspaiisioti in ])ro- 
diictiou was mf)st marked in Canada and 
tlie U. S. .A. Sinee the War, there has 
hei’ii a rapid decline in output, .uid it came 
do’sn to f)iG,ooo tons in .\t |)re.s(.ut, 

1 nited State.s, Gaiuida .uid tin- I . -S. S. R. 
are the major produeeis. 

wour.l) !*Rt)l)UU l lO.N 01 \i.l XIlNll M 
IXinta* 

rin iboH.sJir.tl iiicirlt 


(■.'iiKid.’t 

•o:).7 

S. A. . . 


i; s. s. R. 

ati.a 

I’l incc 


1 . K. 

•va.-i 

Othf 

[ 14.11 

TgI,!! lllO.U 


Minrr. tcarhnok, lyt", lio;. 


Aliimiiuuni is j silvery white nirtal in. p... 
660'), ihr main charactcristu: of wliii h is 
lii(ht!U'ss combined with strength. It givi s 
a wide range of extremely valuable allots 
with a number of elements, chiefly, co|)|3er, 
magnesium, manganese, nickel, and silicon. 
These allo)s have lowei* melting points tlnni 
tin- pure metal. 

Aluniiniinii has ti sp. gi*. of 'j.7 \\\{.. 
ibp.'.ilb. per i . It.’ as against y.})] for steel, 
and 8.89 Ibi i opper. It is ca[)abl(r of taking 
a high polMh and is an excelieiit conductor 
of lH)th heal and el<Ttricil\, its clrrlri- 
cal ( oiidnctivitv l)eiiig al^oiit ba per 
cent, of that ol cop|)cr. Its coellic ii ni (»l 
linear ('xpansifni is i>.j ' 10 ” and inodiilns 

of (elasticity, ro‘ 11). s(|. in. flic 

tensile strength may viwy from l(»iis j)cr 
sf(. ill. Ibi’ >oli. high polity metal, to 
tons per sfi. in. tor some of it.; aliovs. Pure 
aluminuini is a comparativi^ly soi’t met.d 
and it- Hrinell hardness ro mm. oall, f.oo 
kg.. ;josic. - isef), l>nl maybe raised to about 
[o by aimealing .'uid lold wor!'. Its "o\s 
arc nm('!i liarder. iheir l>rini‘Il i.irdii/vv- 
varying froii' |o to nearly 00 'Lb l(‘ll. 
landboot .Xon-lVi roiis .Nb talimgx II. 

( .dl v liu/niiium is a n a*. ti\ '• rieial. 
It ( (inibiri*'' dire.'il\ with a. mimlx r o| 
^dements under ^miable coii ’iiinns. It 
Iku’ a gre.u .illinitv ((»:’ oxygen, and ;di 
Ilium lid! i)i j)o\\<l'*i I an ])c hiiinl in 
Ifov.cMM, at «»r-Iina:\ leinperat ;du 
niiim i- coinp.ii .iii\ eiv slalile wlien espoaal 

:\imospl’ere. Ibis is due to ihi- fM’lUil' 
lion (‘{’ a t’l'u orniiaaivc eoatin.i of tin* «>\idt* 
oil it‘ suif.iee. Aluiiunium is clci (ro-positi\ «■ 
lo itiosi of die (ominoii metals, sin h a^, 
iron, .silicon, i opper, and, consefjueiuU . 
undergo(.s c.oi ■ (*sioii. due to e.l:.‘(;tro!yt;< a* - 
tio!«, wlii-u it comes into diiecl coma, • 
them ill dr* |)i esriM «* of im -isiure. 

A 1 jm i'- adackod in wii vlii.''; d 

by many miiiera! acids espciiallv in the 
flilnte viate, and is al.-*) atiacferl by ;;r\ eral 
org.imc aeui Ifowc'ver, it is .dh’cUal 
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by pure, colil nitric acid, dilute or concen- 
trated. The metal is readily dissolved 
by caustic alkalis and is corroded by solu- 
tions of chlorides and mild alkahs. 

The commercial ore of aluminium is 
bauxite (q. v.), in which aluminium is 
present as hydiated oxide. Bauxite occurs 
in the form of moderately dense rock, often 
pisolilic in structure. Its colour depends 
upon the amount of iron oxide present, and 
may V)c white, grey, j)ink or brown. It 
varies widely in comi)ositioii, and bauxite 
for aluminium manufacture should con- 
tain a minimum of ])cr cent, of 

AIjO^, and not moie than 5 })cr cent. 
Si(X, lo p(T cent. Ke^O.^, and 10 per rent. 
'fiO^. 'The nsjial grades contain : AhO^, 
f,f)-6o ; SiO„ 2-3 ; Fe, 0 „ 3-10 ; and Ti(). 
up to 10 per cent. Where ahjmiiia works 
are not close to bauxite deposits, freiglit is 
usually the major item in the cost of ore, 
and in considering tlie utilization of any 
particular deposit, its composition, cost of 
mining, and transport have to be taken 
into consideration. 

During World War 11 , considerablt! de- 
velopments were made in Germany and in 
the U. S. A, in the ()ro(liiction of alumina 
from clay and low-grade bauxite ores. 

'[’h(* produi:tioii ol' aluminium is carried 
out in two distinct and well-dcfiinxl stages. 
'The lirst is the elimination of impurities in 
bauxite bycliemieal irn aiis, resulting in the 
separation of the pure aluminium oxide 
f alumina). The seiond is the reduction of 
alumin<a to nietallie aliiminiiiTn in eleetro- 
lylic rediiclioii furnares. 

I’hc lirst practical proc«*ss lor the pro- 
duction of alumina from bauxite was de- 
veloped by Bayer in i{ 3 {)« 5 . In this, the ore 
is ernshec! and calcined to rernewe water 
and organic impurities and ground to fine 
jjowder (100 mesh or finer). It is then 
digested for 2-8 hrs. in autoclaves with 
caustic soda solution fsp. gr., 1.45), with 
steam led in at r)0-70 lb. pressure. Nearly 


90 per cent, of alumina goes into solution 
forming sodium aluminate, Na^AI^O^, while 
ferric oxide, titania, etc., remain iindissolv- 
ed, and silica is precipitated as sodium 
aluminium silicate. The liquor (sp. gr., 
1.23) is blown into large settling tanks, 
and the impurities separate out as ‘ red 
mud’. It is then somewhat diluted and 
))assc(l through filter presses. The clear 
sodium aluminate solution is pumped lo 
large j)recijdtatiiig tanks, and ‘ seeded ’ 
with a small amount of piecipitatcd alu- 
minium liydroxide from a previous batch. 
About 70 i}er cent, of the dissolved alumi- 
nium hydroxide separates out in a 
nearly j:)ure state during 36 hrs., and the 
rest on further standing. The precipitate is 
drawn off from the bottom of the tank, 
washed, filter-pres.sed and calcined at about 
1000', to yield anhydrous alumina in the 
Inrm of linely divided white crystalline 
powder, containing approx. 99.3 per tent. 
<>fAl, 0 ,. 

Sodium h\ dioxide solution from the tanks 
is concentrated in vacuum evaporators and 
used again for the treatment of bauxite. 
'Fhe red mud forrris a sourer* of titanuini 
■q.v.). 

In the* (‘1; cti'olytic i)rocess, alumina is 
fiissociated bv the elec tric current : 

AIXK 2AI 3O 

The electrolyte consists of fused ciyolitr* 
(natural or synthetic), and calcium fluoride, 
nsually it corresponds to the formula, 
2AIF,. fi\aF.3GaI\. 'I'he purpose of cal- 
(iiini fluoride is to lower the fusioi» point 
of cryolite from upf)" to about 700". 'Fhe 
electroKle is capable of clissclviiig up to 20 
per cent, of alumina, bui during the eder - 
troicsis the concentration of alumina is 
usually maintained at 2-h per cent, so 
that the density of the electrolyte is about 

2.CX)-,, 

The electrolytic cell consists of a rec- 
tangular steel box usually 8' x l' X 4 - 
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This h lined inside wiili relVaetorv material, 
covered by a thick layer of petn)lcum coke 
which forms the cathode. 'The anodes 
consist of specially prej)arcd carb<^n elec- 
trodes fixed to a frame and arranged so that 
ihcy may be lowered within of the 
molten layer of metal at (he bottom r»f th(‘ 
furnace. Ciollector bars are ernbeddcfl in 
the carbon lining and aiio.Ies to ;u t as 
conductors of electricity. 

'flic amperage of each cell wiries lioin 
eight to ten thousand, and the ( ell operates 
at f).5-7 volts. Conse(|uently to get a work- 
able voltage, it is usual to opeuate a number 
of cells in series. When starting, crjolite 
or a prepared bath material is chanj;cfl into 
the cell and melted down by lowering the 
electrodes. AVhen (he cell is nearly filed 
with the molten bath, alumina is added at 
the top, and the ehxtrodes raised into 
position. The iTsistance of the cell main- 
tains the bath in the molten condific^n, and 
the aluminium formed, because of its 
liigher density (2.29), collects at the bottom, 
:ind is drawn o/f at intervals, and poiirecl 
into ingot. The metal i; reineltcd to re- 
move occluded bath salts, and cast into 
jugs. Fiom time to time alumina is added 
10 the cell t(^ make tlie process condnnom*. 

A cell of the dimensions mentioned yields 
about I2(^ Ib. of aluminium per day and 
current consumption varies from d lo 
kw’,- hr. i)cr lb. of aluminium. 

Tile anodes are mad(‘ of petroleum i oke 
if high purity (ash, 0.;^ per (’cnt.), because 
any impurity ]:)resent in them will get into 
the metal. These anode's are coiuiiiually 
oxidi/edby the liberated oxygen, which also 
keeps t he bath \vr]\ stirred. F leet rode c(»n- 
sumption is o.()-o.d IV). per lb. ofalnmiainm. 

^kmiinuous self-baking Soihubcrg t'lec- 
tmdes are now' being used in ihe aluminium 
industry. These arc made of ht»llow alu- 
minium eylinch^rs suspended above tlu' lur- 
naee, with perforations to allow' the escape 
of gases. The fdcctrode mixture is fed into 
the cylinders and baked by the heal of tlie 


furnace. Tlie cylinder and the electrodes .ire 
consumed as electrolysis progr(‘ss('s, and 
fresh .sections arc welded at the top: of 
cylinders when necessary. Tlie electrodes 
assembly is .so arranged that current is led 
into the furnace at all limes, thus making 
the operation I'ontinnons. 

Aluminium thus manuliulmc'd is o\f*t 
99 ix‘r cent. puie. Purer material lAl, 
09.L per cent.) can be pn^p.-ied by using 
Hoopes cells. In these then* are hori- 
zontal layers. Vhv lowest is a lif|Liid ahi- 
ininium-copper alloy which forms the 
anode. .Xbove this floats a layta* of fused 
cryolite- barium lluoiide ( the clcctroK (c;, 
and on the lop is tlie cathode of pure 
liquid aluminium. The cell operates at (i 
volts and 20,000 anu)s. Pun* aluminium 
is dissolved from tlie anode and deposited 
on the eathode. from Inch it is tappc'd. 

'Flic (dcctrolvtic jiroeess consumes large' 
quantities of I'Icetricity and hence an ahimd- 
ant supply of cheap power is essential for 
aluminium extraction. 'The gicatej?! ex- 
pansion ill the production of aluminium has 
taken place' in (he II. S. A. and Canada, 
owing Xi) vast dcvc'lopment of hvilro-clccfric 
jmijce.ts. Flic latter coiintr\ c'xtracls tlie 
metal IVoni ore impoiied iVoin British 
Ouiana. Acrording (o Ih'avy (llieinicals 
and J'dectr()-(.Ihem. Induslr. Iknicls Rej). 

' PM7A following are (lie (piautilies of 

raw material and powc'r recpiiicd l()i' the 
])rodiieliou of ' II). of ali 


H.iiixile 

Id). 

.po 

UxiWlic soii.j 

o.i, 

( Irvolile 

0 . 0 ', 

AJuiiiiiiiiiin fluoride 

o.o'; 

I'Juorspnr ! CiJileiimi lluoiide 

. . 0.01 

PeiroleuiM eoke 

O.fir, 

Pitrli 

0 . 0 - 

( lo;d 


Klecirie power 

. . 10 kw' 111 . 


'Fhe aluminium ingot thus jinxluced must 
be fiibricaled to forins used bv n 
(nrers, such as, slnx'ts, foils, castings, Ibrg- 
iiigs, extrusions, and powrlcr. For making 
sheets, (henu'talis first c ast into icx tangn- 
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lar blocks Ibi* lulling, wliicli arc preheated, 
and then hot-rolled to slabs, y'-V' thick. 
These slabs arc then sheared to 
and cold-rolled to the ilcsircd thickness. 
Since aluminium hardens with cold-working, 
annealing at a temperature ol approx. 3f)0*’ 
is necessary at intervals befort* iurtln'r 
rolling can be continued. I he production 
of foil (o.oof)" or less in tliicknessj is a 
continuation of the strip rolling jnocess, 
in wliicli rolls are ground to a line linish, 
and narrow mills ot extreme accuracy arc 
used. Ahiminiiim powder li)i use as paint 
is produced by stamping or milling alu- 
minium sh(M or shell clippings with a 
suitable lubricant stearin and talc . 

( loiniiicrcial giadc nt iluniiniuin is gcii- 
cially about pf).o p< i n-ni. pure, witli iron 
and Vilicoti as the ii>nal inn)nriiies, and is 
used lor all |)urposes where high strength 
is not essential. Sinic the iiicial hardens 
with cold-working, it ( an be olMained in 
\;nions tcmpias from Mdt to tul! hard, l)y a 
combination of annealing and rolling. Pure 
alnrninium is c\teiisi\rl\ used in the niatin- 
factiire of household cooking utensils and 
numerous doincsth appliancc^ and littiugs. 
'The metal and its. salts arc non-poisonons, 
and aliimininni \csscK arc resistant l(» 
corrosion by '^cN'cial Ibo/.ls ci»okcd in them. 
Alnminium is also c]iiplo\cd loi the maiiii- 
factnre n\' (*(|nipment Ibi ilu‘ chemical 
indiistiv, iMc Inod indii^ny, l)rcwc»'i(‘s and 
dairies. 

Aliimininni |;o^^c^^^■^ liigh duililil). It 
can be drawn out into line wins or bcaim 
into vcr\ thin li‘i\C';. Aluminium Ibil is 
used ibi wrapping tobaico, collia', tea, 
chccsc, etc. The na tal has also high idec- 
liical coiidnctivit\ , and clciliic cables ol 
liard-drawn alnminiiim win- arc now re- 
placing coiipci i tdilcs. In ordei to gi\c them 
the necessary tensile strcnglli, aluminium 
wires are n-inlbrccd In winding tliiMii over 
a straiidcfl steel ( able » ois*. 

Aluminium paints an* madi* liy mixing 
aluminium powder :joo i.irsh with drying 


oils, spirit, varnish, synthetic resins, etc- 
These paints arc extensively used both as< 
protirti\'c and decorative coatings for 
metals, wood, etc. Such coatings also act 
as cxixdlent light and heat reflectors. 

Aluminium powder is also used in the 
'riierrnit process for welding and repairing 
iron and steel parts. Thermit consists of 
a mixture of 3 parts of red oxide of iron 
with I part of aluminium powder. When 
ignited, till* temperature may reach u/ioo", 
and thidicat generated produces moltcm iron. 
Alnminium powder is also used in metal- 
lurgy for the reduction of the oxides of 
cln(»mium, manganese, titanium, etc. 

Aluminium docs not cast readily in the 
pure st.ite, but wluni suitably alloyed it is 
<‘xtcnsivcly used in the form of castings, 
(.lasting proccssi-s incliidir sand casting, gra- 
viiy casting in permanent ( ast-iron monlds, 
ainl pn'ssnrc di(‘ casting. . Alnminiiim is. 
[)laslic at working tcin|)eialure, and can lx* 
readily ll)rged, while its phxsical properties 
impro\{‘ with working, roiging is usnalb 
carrii'd out in st(X‘l dii‘sby forging hammers 
or ])resscs. Since alurniiiium is ])lastie at 
rolaibely low' Icrnpcratiin s, b is also well- 
adapted to till! cxLriision proccss,.iii which 
a ])rcli{xited billet is forced through a snit- 
ablv sha])cd dii' o|)ening in a powcnfnl 
Indraiilic press, producing long extrusions 
of intricat(' cross-section. 

Almniiiiiiin finds its largest usi* in the 
four, of alloys, and the greatest dcM*lop* 
mcni (hiriivg the [)asl ihirtx' years has been 
in the field cf heat-treated alloys. 'The mo^l 
extcnsi\e|y used wrought alloy ofaluininiinn 
is dinaiumin (Cii, |.o ; Afg, 0./5 ; \In, 
o.y. ; Si, o.l>/)-o.(> |jcrceiit.b It is availalde 
in all forms, sheets, bars, girders, forgings, et(\ 
It is ih(‘ stroiig(‘St aluinininm alloy that <an 
be produced by age-hardening at room 
iein|)craturc. On luxU tnxitrnent, ’oy qiien- 
( hing it from 500'’ in water, and allowing it 
to age at room temperature, it acquires 
a maximum tensile strength of f?o,ooo lb. 
per sq. in., with an elongation of 



ALIMINJI M 


per ( cut., and heroines loniparablr Ic' !(»\v 
carbon steel. Its density (2.8) is about 
1/3 that of steel (7.9). It has lnjE»li strength- 
.'iO- weight properties and is extensively used 
ill automobile and aireraft const ruction. 

'flic prominent casling alloys of aluiui- 
Ilium contain copper (8 per cent.) t»r silicon 
! 12 per cent.), and also magnesiuin. Mag- 
nesium alloys have low density., and jiossess 
higher tensile strength than other alumini- 
um casting alloys. besides, niagnesiuni 
renders the alloys resistant to corrosion and 
tarnish. Birmabright ^'Mg, ;;.frf).o ; Mn, 
0.3 per cent.) is used I’or the out< r plates 
of small boats. .'Muininium-nickt 1 allo\s 
Ni, peu* ceni.i are used for die ( acting'--. 

(Jasliiig alKiys, containing or j alloying 
elements, are used for sp(Mi;d puipns<*s. 
'file Y-al!oy j(ai, .po ; Xi, j; Mg, 1.): 
Si (max.), 0.6 ; I'e ( inax.U per cenl.| 

is widely used ibr casling cylinder heads 
jiul |)istons ol* aeroplane i-ngincs, ainl lias 
gocul strength at eh'valed l('ni{)eralnre .. 

Ill recent y<xir.ssiA'eral)iigh strength allo\ s, 
used as wrought alloys and as cast al!n\v, 
called R. R. alloys (Rolls R(»yc(‘-. c»>n- 
laining du, Ni, Mg, f’e, Ti and Si, .is 
alloying constituents, have been piodueed 
conunen ially by High Duly All('\s J,id. 'if 
^’.ngland. These, are used tin* (m.i’- 

li iieiion <»f aero|)i.me eiUjiIiUN. 

Aluminiuni broir/es are alloNs <»!* copper, 
conlaiuirig up to 1 1 per cent. c»l aluminium. 
'They have high ii*usile st reiigtli and IuikI- 
ness, ami show marked r%*.sistaiu e to ('.>rn »- 
siou, bur they arc soimnvhat dillicuil to 
cast. 

Alnmiiiium and aluminiuni alloys c an be 
readily welded (*ither by the oxy-ac ct\ 1< i»e 
process or by electric resistance wc iding. 
In the case of licat-li call'd alleys, tlu ^e 
mu.st be heat-treated after wciding, ii 
strength is to be relainc'd. Alternatively, 
jointing may be enecied !)> rivets of tlx* same*, 
alloy. Aluminium machines readiK with 


ordinary metal cutting tools, and high ma- 
chining s])reds arc obt aim'd. 

An cleciro-j)lalc*d c oating of nlc kc*l m- 
c hromium can be given 10 ahiminiun}, after 
suitable prcparalcuy trcMimcni. nowc'vci. 
wlicre maximum rcdsiaiic c: to c cu rosioii and 
surface hardness iv rc(piired. aliiininium is 
usually given an anodisiu»» irc*atnient, b'/ 
ail clccln»l\lie jirocc'ss in .t eliromic* nr 
snlphiiric acid l)ath. This g,i\c‘s a hard 
eoi rosi<ui-i'<*sisiani Miilace, and since the* 
rcsnli.inl (ilm is siigliily porous, an altrac.- 
tivc smiic'c lini^h c an l)c •‘ivcm by the us»* 
of aniline dyes. Amuia i* p'cU.-et* re iiiMl- 
ment, the “ Alc lad '* luoi a v>, \\ldc*l\ uu* l 
in the ra.se ot suoug ai!c»\'-. ecm isiN in ioiliu.; 
over an onic r ( (►.,»;. of purt‘ imgal, a eo!e 
oi strong cilloy ^hcci, ilu* loiinc-r ui\iux 

eoniph tc protca tTof 1 ayaiiai (o’lc ion. 

I icaneJidous »\p.O!^:o!i has l.ila u pi ic c 
in the applicaiicm o*' .1 lumiuiiim and its 
.illo\ S (luriue l!ee :;:iM ye. Ms. .Mo|riu 

airei\d*i arc* e<»nsirui o d» ahnosl eutir.. I\ nf 
lli‘.di-si rrii jii; liglit • iLOii ahuniuium 
allt)\M. i 'ns<'!a.?',e mu! init ; arc' c on .1 rueled 
ot* ( siriulc'd di.M ) • . the eoN'criu »• hi'iiig c f 
shc'c't. -M-e limu a.\*u'»l!i ;ilic»vs arc' used Ibr 
cc»\\liua>. I *i;ing:. j.>t cr >! lau!<s, rir. Alii- 
niii-iuin ailo\ Ii u^s an* nsc'cl for v/u.i 
altac*hl{U•l•l.^ .. u(i r iulei -ra.' i i.ig-'s. and m (he 
ea.'-e o! .liicralr riudne lor t rank t eses, 

peaoji>. 4 time! : I'e.ids. c oUiUai irei- r'<il*, 
ai;ci Mi J < \\ l;lac If 1 1 • .! u i « »n:- il )i io eiigiiusi - 
ii'g. a.p.tri. iVeaniis a .• |I»r 1 'm ■ , e\ eucler 
h CM d c c I liU’ei! ug o >c i . »ie,, e 'it luc h'vl a . id 
aieei jiioduci. . I'l* \\ide!\ r- ed 'or bu ai’d 
lc»rrv ht)di.‘''. and li»r 1 01'. . lor die irai» - 
j)Oll ol j)e|r«)i and ollii 1‘ hcplel-, .Vi'Msll- 

nimn is .d.<o t-slen 'i\ eh nsc'd in tiu' — 
iruc'tion of ij« \\ iiigh-au'ccl sinaiiniiied 
trains, and Ibr w ieidov -Ii anies .uul iaic ilor 
linings, d he. mo i i.imih ii a|)|)lic'aMon in 
(‘leeliie.il eiigliua-riu'j is in llie |orm ol 
eal)lc‘ lor ot'erise.ul trai!sniiS'i'»n Im .\ln- 
minluii! is also vNid'-h u.^ed in laoio eu'.M- 
lu'c'iing and in the c < -n'.ii uciioii ol l aclio 
sets, .\iiotlu i’ iiu ic'asing uia* i-. in .tiehi- 
t-*el ;i.-. loi* -1:1!! purpose- ,e. Lud*!.-;, 
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railings, wintlow-lVainrs, and fi>r interior 
decoration. 

Although the labrication of aliiniinium 
utensils in India commenced in ’i2, ex- 
traction of the metal began only in ’43. 
India possesses abundant deposits of baundte 
of good quality, estiinate<l at 230 million 
U)nf-. Large deposits, in which mining de- 
velopment has already taken place, exist 
near Katni (d. P.), Ranchi (Bihar), and at 
Tungar Hill (Thana dist., Bombay), and 
near Bclgaum. Other deposits, which have 
not been commercially tleveloped, as yet, 
arc in Kashmir, Kolhapur, in the Eastern 
States Agency, «ind near Salem in Madras 
(vide Bauxite). 

The other raw materials, except coal, 
arc required only in .small quantities. Of 
the.se, petroleum coke is available from the 
oil refineries at Digboi in A.ssam, and pitch 
from the coke ovens and coal-tar refineries 
of Bengal and Bihar. The rest are mostly 
imported. Fluorspar mined in India is 
of low purity and is not suitable for alumi- 
nium production. 

Just before the hist War, two companies 
were established almost simultaneously for 
th<r extraction and fabrication of aluminium 
in India, with an authorized capital of nc.arly 
Rs. 4 crorcs. One of these, the Indian 
Aluminium Co. ll. A. O.), a C>anadian 
sponsored concern, with alumina works at 
Mini (Bihar), reduction works at Alwaye in 
I'ravancore. and rolling mills at Belur iicar 
Calcutta, has been producing aluminium 
since Mar. ’.43 and converting it into sheets 
and circles. Its rolling mills are now being 
expanded for the ])roduction of .strong 
allots, such as duralumin. The Aluminium 
Corpn. of India (.\. C. I.), with all their 
works at Asansol, in the Bengal coalfield, 
began production iu ’44. The comVnncd 
capacity of these two works, when fully 
developed, is stated to be 8,000 tons of 
aluminium per annum. 

The progress of the aluminium industry 


in India is linked with the development of 
hydro-clectric power. So far the production 
of the metal has been low, and the chief 
difficulties are lack of sufficient quantities 
of cheap power, and high freight charges on 
internal movement of raw materials. 

The I. A. C. began production of alu- 
minium u.sing imported alumina. The 
A. C. I. started the manufacture of alumina 
in India, in ’44, from bauxite mined near 
Ranchi. Since July ’44, a duty of 36 per 
cent, ad valorem has been imposed on im- 
ported alumina. The alumina works of the 
I. A. C. came into operation in ’48, using 
bauxite from deposits near Lohardaga 
(Bihar). They have also mining leases on 
deposits near Belgaiim. 

I'UODl'CriON tJAPAClTY C)I- INDIAN ALUMINIUM 
WORKS ('Jons) 


Reducuon Works 'Aliiinina Works 


Com- 

pany 

Source of 
Power 

Capa- 

iCapariiyl (]aparitv 

OiUputl forc.x. forex-' 

i patision ’ ^ pansion 


' I'ruvancorc I 

1 Slate Hy- | 
ilrocleciric | 

1 VVorks(Pal-, 
livasiili 1 

JZ,f,0O 

lyfitK) Up to .10,000 20,000 
rising 
i up to 
; 40,000 

I.A.C. 

i (.loal 

3^1)00 

•joo 4,0011' (j,ooo 


The fabrication of aluminium sheets, 
circles, c.c., is a W'ell-established industry in 
India. Both the companies producing alu- 
minium have their own rolling mills. In 
addition, a number of brass rolling mills 
also produce aluminium .sheets. Recently 
Messrs. Venesta Ltd. (Calcutta) have be- 
gun the production of aluminium foil for 
lining tea-chests, and the Aluminium In- 
dustries Ltd. (Trivandrum) have erected a 
plant for the production of aluminium cable. 
The Indian Aluminium Co. are arranging to 
produce strips and foils and duralumin 
sheets in their works at Belur, near Calcutta. 

The present capacity of Indian rolling 
mills is estimated at 10,000 tons of ingots 
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per annum, and the cost of rolling at As. 4 
per lb. of aluminium. 


PRODUTION CAPACITY OF ALU.MINIU.M 
ROLLING MILLS 


(Tons) 



Nature 

of 

product.s 

CiJ parity ; Pre.M.*nt 

1 output 

1 

Capacity 
for ex- 
pansion 

I.A.C. 

Sbcet.s & cir- 
rlrs, later 
strips and 
coils 

1 ,6iio j 1 ,f)i)o 

2,.v»d 

A.C.I. 

n >• 

I .G(Jo Goo 

•• 

Vcncsta LlH. 1 

1 

Foil 

•JIM : 

! i : 

•• 

1 

Aluminium I 
Industricii 1 
Ltd. 

1 

Cable 

i ■ 

loOO 1 .. j 

1 

i 

I 1 

1 

AVliRAGE ANNUAL IMPORTS OF ALUMINIUM 
AND ALUMINIUM PRODUCTS INTO INDIA 
(IN CWT.) 


111 cpiln- 
c{Hcnnium 
ending 

Ingots, blocks, 
bars, etc. 

Circles 

Sheet 

Other 

manufactures 

loial 

• 

c 

.oS? 

ir* 

’3‘MH 

45^ 


1 

2,096; 

*’ 439 . *l<*.5*»<> 1 

05-50 

.. ’3**-39 


IT.aoi 

2,907 

10,5113 , 

60,78:1 

.45.16 

.. ’43-44 

ri93 

4,701 

2,6271 

4,961 

13,883 

14.6.1. 

In ’44-45 

10.793 

2,17a 

. j.999; 

305 

27.215 j 

24.20 

.. *4r,-4<> 

G*.r>69 

a7.99t 

16,401' 

109,553 i 

90.33 


The consumption of aluminium in India 
hitherto has been small compared with 
that of other countries producing the 
metal. Until 1943, the entire require- 
ments of the country were met by imports. 
Imports before the War (’39-45) consisted 
mostly of circles and sheets for the manu- 
facture of utensils, and small amounts of 
cables and foil. During the quinquennium 
ending ’38-39, the average annual imports 
amounted to about 3,000 tons, valued at 
Rs. 45 lakhs. The U. K., Germany, and 
Japan supplied 36, 24, and 21 per cent. 


respectively , of the total imports. At present, 
the quantities allowed to be imported art- 
controlled and are fixed, in relation to the 
total requirements of the country and in- 
ternal production. 

According to llic Tarilf Board, the annual 
consumption of aluminium in India in 
coming years is estimated at 20,000 tons, 
distributed thus utensils, 15,000 tons ; 
powder, 500 tons foil, 700 tons ; castings, 
800 tons ; engineering, 2,000 tons ; rods for 
steel core cables, 1,000 tons (vide also Non- 
ferrous Metal Industr. Panel Rep., 1947, 
27 & 50). 

Thus the metal will continue to be iisixl 
mainly for the manufacture of utensils, 
because of India’s deficiency in copper and 
its alloys. In the U. S. A., the proportion 
of aluminium used for prepa' ing utensils 
to the total consumption of the metal is 
estimatetl to have decreased from 16 per 
cent, in the pre-war period to 10 percent, 
in the post-war years, while the transport 
industry remains the largest consumer (33- 
34 per cent.). In India also, increasing 
industrialization and power development 
are likely to increase the demand for 
aluminium. 

The sale of aluminium to manufacturers 
has been controlled by the Government 
since Mar. ’45. The metal produced in 
India is pooled with the imported metal, 
and released to c:ivii consumers at a fixcil 
price, based on the average value of the 
pooled metal. The present prices (’47) per 
ton are : ingots, Rs. 1,600 ; an<l sheets 
and circles, Rs. 2,450. 

The cost of production of aluminium in 
India is at present high. ’Ilic Tariff Board 
estimated that the fair .selling price of 
.aluminium ingots per ton was about 
Rs. 2,400 in ’46-47. With larger production, 
this is likely to decrease to about Rs. 2,200 
in ’47-48 and to Rs. 1,900 in ’48-49. On 
the basis of the selling price already men- 
tioned, they have suggested imposition of a 
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spccilic duty of Rs. f)f)0 prr ton on imports, 
and a subsidy lo Indian aluminium com- 
panies, lo cover the dillereiice l)et\veen 
their fair st'llini^ pric<*s and the rat<‘S at 
whicli aluminium Is allowed to he sold. 

The (iovernment regard the production 
of aluminium as a key industry and are 
appointing a technical ( ommillee to report 
on the production and sale of the metal in 
India (W/V/// Vr. /•/<//., n)47, 3, viii, 3). 

ALUMINIUM SALTS 

Aid MS 

Alums are represented hv the .<»en(*ral 
formula R',SO„ R./^SO.^. l>.iIIA 
■ where R' and R'" are respet tively monoval- 
ent and trivalent ])ositive radicals, 'fhey 
are usually the doubh' salts of ammonium, 
potassium or sodium sulphate with alumi- 
nium, chromium or iron sulphate, and an* 
readily pre[)ared by concentrating and cool- 
ing a solution containing molecular pro- 
portions of the com|)onent sidphates. Potash 
alum is the common alum. Ammonia alum, 

( hrome alum, ferric alum and soda alum 
(ind occasional uses. 

Potash alum, K.SO,, Al, SO,),. 24HA 
also known as alum alumen, forms large 
coloiirless cubes or octahedra, readily 
soluble in water (12 g. at -20’*, and 94.4 g. 
at 70" in 100 g. of water), but insoluble in 
alcohol. 'The solutions are strongly acidic, 
in reaction and have a sweetish astringent 
taste. Alum crystals are efflorescent. On 
gradual heating, they dissolve in their water 
of crystalli/ation and become anhydrous 
at about 200". When heated rapidly to 
drive oil all the water of crystalli/ation, a 
porous bulky friable mass is formed which 
crumbles into a ]x>W'der known as ‘ burnt 
alumh Burnt alum dissoh es slow ly in water 
and is not alwa)*- completely sohd^le owing to 
])arttal decomposition of ahiminium sulphate. 

Solutions of alums coagulate proteins and 
predpitate them ; they harden gelatine. 
They also precipitate cojloids. 


Tn industry, alum is used for the same 
purposes as aluminium suljjhalc, and is 
largely replaced by the latter which is 
cheaper. It is still used as a mordant for 
sensitive colours, and foi sizing paper of 
superior (juality. Alum is also used in 
manufacture of matches to impregnate the 
untipped ends to rcaider them fire-proof. 
Burnt alum is used by taxidermisls as a 
|)rescrvative. 

In medicine, it is used as an astringent 
and as a gargle, and externally as a styptic. 
I*\.siccatp(l alum is used as a dressing for 
ulcers and sores and as an astringent for 
swollen gums. 

In north-western India, freshly burnt 
alum is added to the drinking water of 
eamels and buffaloes. louring the War 
about 300 tons per annum were used in tin* 
prodnelion of foam type lire exlhiguislier 
refills. 

Potash alum is prepared from its natural- 
ly oeeurring minerals such as alunile and 
kalinitt*, but in India, tliesc do not occur in 
apj)rcciablt! (|iianliti( s. Alum \v;*s formerly 
prepared from alum sfiales by roasting them 
in air and Icaehing it out with water {nV/-’ 
Alum and aluminous sulpliatcs). Alum is 
now jirodueed in India by crystallizing 
together e(|uivalent j)roportion of potas- 
sium sidjiliale and aluminium sulphate. 
The s(dution is concentrated and the crys- 
tals that separate out are melted to yield 
linn]> alum, 01 reerystallized to obtain largt* 
crystals. 

A\ i:ra(;i: axnl aj. prodi'ci ion \nd 

IMPOR TS 01 AT.UM 
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Imports (liirinu the* qiiiiKiucnniiim rudiiif^ 
■38-39 were chieHy from the L’. K. ■;()() ptM 
cent.) siiul Gerniaiiv j() percent.). 

Ammonia alum, . .\H,\>S(.),. Al, iSO, ... 
forms eolourless eryslals willi a 
strong astring^.nt taste. In niedieiiie, it is 
employed for the same purposes as jjotasli 
alum. It is also an iugredieiit of l)akiiig 
powders. Soda alum, \a,SC), Al_. S(),\. 
•Jl-H.-O, an efUoreseent crystalline salt, is 
used as a mordant, in water iiurifu ation, 
and ill baking powih'is. 

Other Alums : C^lironu* alum, K SO,. 

(SO^);.. l> 4H,0. is jirepared by pits.'- 
ing a eurrent oi* sulphur dioxide through a 
solution of potassium diehromale, until 
there is no further change of colour. On 
concentrating the solution and cooling it, 
chrome alum s(‘paratcs (.)ul in dark violet- 
rcil crystals. It is used in the chrome tan- 
ning of leather, and as a mordant in the 
textile industry. For these purposes, it is 
being displaced bv dicliromates. Ferric 
alum, (NH,).SO,: Fe, (SO,),. 
forms violet crN.s(als. It is used in medicine* 
as an astringent gargle and as a paint for 
the throat, and internally to arrest haemor- 
rhage. It is also emphned in the textile 
iiulnstrv as a mordant. 


AI.t:M!NirM St I.PIIA'M 


Aluminium siil|)hale forms white ( lyslals 
('/, 1.62) of the formula Al.( SO,! ;. i 8 H, 0 , 
readily soluble in water (87 g. in if)o g. 
at o’,^ and 128 g. at 30"), but insoluble in 
alcohol. Owing to hydrolysis its solutions 
arc acidic in reaction. The anhydrous salt 
is obtained by dehydrating the eryslals at 
*-mk)- 250", and this decomposes coin|jlctely 
at 750" yielding alumina, .sulphur dioxide 
and sulphur trioxide. Aluminium sulphate 
solutions are similar in properties to alum 
solutions, but tliey arc somewhat hum’c 
astringent. 


'The largest use of aluminium siilphalt* is 
in water purilication. Its clarifying action 
is (hie to alnmininm hydroxide fornnxl by 
hydroKsis. 'Hiis earn(*s down (olloidal im- 
purities, and forms a slimy layer at tin* 
bottom. Alimiiniinn sulphate is used in 
sizing |)aper, in tanning, and as a water- 
proofing and lire])rooling agent. In the* 
textile industiN, it is used as a mordant and 
for the |)reparation ol lake's. It is al.so 
extensiv('ly employed in srvc'ral industiies 
as a clarifsing agem. 

In iiK'diciiu. alumiuiuin sulphate is used 
as an astringent and antiseptic. 

Aluminium sulphate is markfh'd in 
\arious grade's. flu' ch('a|)(‘st grach* called 
‘ alum cake ' is prepaird by treating purer 
varieti('s of ( aleinc'd china clay willi sul- 
phuric a(‘id, and allowing the* n'action 
mixture' to solidify. It contains 13 per cent, 
of Al.C), and all iIk' silica and other 
impuiiti(‘s originally |)ir.seiil in clay; in- 
.soluble matter in it may Ur n|) to 27 per cent. 
'The two jiiineipal \ arieties now marketed are 
' aluminoferrie ' and ‘ alumiiions sulphate.' 
riie former is pn'paic'd IVom low-iron 
))anxile. Alter treatment will* sniphmit 
acid and allowing the' seilid residue* te> settle*, 
the clear liepieir is rim out, conce'iitrate'd hy 
boiling, and alleiwcd to snlidify. .\liimine)- 
f'erric usually contains i j-i j per ce'iit. 
Al,()^. It consnme’d in \cr\ large 
epiantitie's Ibr tin* |)urifiealie)n of drinking 
water, and in the* Irc'atinenl sewage, 
when' tlie* presem e* ol inni <nl|)hat( cL.-i s 
not matter. It is prepaie'el al .site in .some* 
of tile* large*r wati’rwdrkv am! the* solutiem 
enn)!e)\e*(! diie'e lK Ibr clarification. Senne*- 
limes barium sulpliidc or some otln r n*- 
ducing agent is adele*d during iMnling. fliis 
reduces the iron content to as low a ligme' .is 
0.1 per cent, and imprejves the colour hy 
(‘oin crling fcrii* ire>ii to ferrous .state'. rhe* 
puier qualitv ‘ aluminous sulphate' is e*m- 
plo\ed for sizing paper. 

Pure aluminium sulphate is prepared Irom 
aluminium Indroxieh' aiu! sulphuric ae iel, 
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ami coiilaitLs 17-iH per cent. Al^Oj, and 
only traces of Fe^.0.j (0.003 cenr.). 
This material is mostly employed in the 
textile industry as a mordant, and in calico 
printing, and for (he pre[)nration of alums. 

'riic present Indian i cquiieineiits of alum 
and aluminium sulphates arc estimated at 
•:0, 000-2 1,000 tons (for water purilication, 
r»,50() tons; paper si/inn, 10,000 tons; textiles 
and niisc., 2,000 tons), and (he live-year 
target for production has been placed at 
38,000 t(»us in the I I(*avy Chern. and Electrci- 
(Ihem. Indiistr. Panels Rep. (in|7, 8). Most 
Indian sulphuric acid works oroduce alums 
and aluiniiiinni sulphates for local c'onsump- 
tion, usin.e, good (piality bauxite ore from 
the (k P., Central India, and Homba\ a!(‘as 
fw/r Uaiixitr). Raw material recjnirem.cnts 
per ton afalmniniiiin snlphat(* ar<‘ 0.3b ton 
of bauxite, ando.-j/ tonol sul|)huiie acid 
TOO per cent.). Annual production bc'forc 
tlie war was 0,000-7, f)oo tons, cliicHy of' 
aluminofcrric, and it has now been stepped 
iij) to 18,000-17,000 tons |)cr annum. Some 
faetories are also iirejiarifig pure aluminium 
sulphate (from alumiuium hydroxide), and 
alum. 


AVKKA(;K AiNNlJAl. J'KODt C I ION AM) IM- 
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ALL (iKADIvS 



i 

; Pi'otliH linii 

Impoi 

IS 


Ton': 

'I'cms ■ 1 

.akiis i»l 


1 


Rs. 

In (|uiii({ii(‘iiiiiuni 

1 

1 



. ndin!,' ’iV.MVl ■ ■ 

’ 11 . . 1 . 

■-N;irj7 . 

'•77 



I ,ao;} 

1. 1 1 

'13-44 - ■ 


i,r)2i ■ 

T.qP 

III ■.41-1.'i-- 




.. '15-18.. 

11. 

' •8:17 : 

.S.«2 


♦ fi»r only. 


The inijMMlcil material consists mostly o 
the iroii-frcc variety. During tlu! (|iiin(tueii- 
Ilium cmling imports were eincfK 

(rom CJcrmapy per cent.') and tlie IT. K. 
'34 per cent.'). 


Sulphuric acid Is the most imjxirtaut 
single factor which influence.s the prices of 
aluminium sulphate and alums as may be 
seen from the prices of these compounds in 
India and U. K. in i()4n : - 
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riie current larill'duly (Ui imported alums 
is 25 per cciM. ad Vfdatna, or Rs. i-ti per 
cwt., whichever is higher, plus 1 5th of the 
total duty. The laigc.st consumption of 
alum is in Hengal. 

OTHLk ALUMINUM COMPOUNDS 

Aluminium oxide {vuli: Aluminium; or 
alumina is the starting material 1bi th(‘ 
preparation of ahirnininm. An activated 
Ibrm of alumina, consisting of |)ar(ially 
ilchyciiatcd aluminium hydroxide, has a 
stable higliK porous structure. It is used as 
an adsorbenl for certain gases and \ apours, 
and as a catalyst. Fused alumina is a re- 
fractor) and an abrasive. Anliydrous aiii- 
minium chloride, AK-lj is a yellowish 
white amorphous substance. It is now an 
important industrial chemical, extcnsivi ly 
usc’d in petroleum refining, and as a catal)'sl 
in the synthesis ol’ several organic coiii- 
pounds. Sjiithetic cr)'olite, 3lV:iF. AIF^, 
is als(^ iistd in alnininium maniifacturc*. 
Sodium alnminatc, Na.^Al.X)^ is ii.^(*d in 
water |)iinfu atioii, and as a mordant. 

An aqueous solution of aluminium acetate, 
Al( C,H, 0 ., )„ called ^ red liquor, ’ is 
used in dyeing and calico-printing, in the 
pre|)aratic)n ol lakes, and for water- 
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proofing cloth. Aliiininiuni stearate, 
A1 (C,oH3jOj) 3, ati amorphous ycliowisli 
powder, is precipitated by the addition ol' 
sodium stearate to aluminium sulphate so- 
lution. It is also obtained by heating 
together aluminium acetate and sodium 
stearate. It is used as water-prooliug agent, 
and is employed for thickening oils, .lud 
.'IS an ingredient of mixed paints to prevent 
separation ol colours. S(>ine aluminium 
stearate has been produceil in India during 
recent years, and its consunpition ins n-.ased 
during the VVtir. 

ALUMINIUM WARE 

Ahuninuuu, on account of its liglitiu ss, 
strength and remarkable duetilil)., is ex- 
tensively used in the manufacture of hollow- 
ware, and for his |)urpo8e has to a great 
♦•xlcnt replaced bra.^s and copper. Tlu first 
aluminium wart; factory in India was .started 
in Madras in ’12 by the Indian Aluminium 
(^omptiuy. The industry recei\-ed an 
impetus during Wtnld War I through the 
heavy d<;maiKls lor mess tins, water-bottles, 
etc,., and several modern factories sprai\g up 
in (laleutta, liomb.ay and Madras. 

There are at present about jo factories 
ill India including about 35 uc\v factories 
which came into existence during Worhl 
Wat II. Five of the larger concerns pro- 
duce about 95 per cent, of the total Indian 
output. Of these, Me.ssi-s. J< cvanlal [ 1929 
Ltd., Calcutta, are the biggest. 'J'his Cana- 
dian firm which has amalgamated with a 
former Indian concern of the same name, 
now owns also the Indian .Mumiuium Co. 
of Madras, and accounts ff»i- nearh .| j p<-r 
lent, of .all the aluminium ware manii- 
lac.turcd in India. The other important 
toncerns are the Aluminium .Manufactur- 
ing Co. in Calcutta, the Woherhampton 
Works Co., Lallubhai Amiehand, and .\nant 
Shivaji Desai, in Bombay. I’he first com- 
pany produces alKiut 20 per cent., and the 
others 10 per cent, each, of Indian manu- 
facture (Tyson, India .\rms for \ ictory, 
1942, 140). 


Aluminium for this industry is obtaiut;d in 
the form of circles, sheets and billets. Circles 
(iG, 18 and 20 S. W. C. thickness) of 
dianictei varying from a few inches up to 
32" are used for most articles. Sheets 
are employed for containers, boxes, suitcase, 
etc. \Vires are us(;d for handles, and rivets 
for joining. .Muminium ingots and scrips 
are also used for the maiiuf.ictun* of handles, 
spouts, etc., by castuig. Before World W.ir 
II. all tlie aluminium shi-ets, einles and 
billets wcic im|)(>rtc(l. Ti '.ji, the .Mumi- 
nium ( 'orporatioii ol Iiidi.i heg.ni to 
produce commercially pure ahimiuiuiu 
sheets and einh's IVoni iin|)oi'ied .md indi- 
genous '. irgiii metal. 

In |)re-\\.ir \i's.. ilie ax'eiage .muual 
consumption ol aluminium w.is 3,000 tons, 
\>ith a. peak figure of 7, joo tons in ’30, whim 
the .;aie ol" utensils .done amomi(e(,l to 
Rs. i.j croies. Dnriiig the War .'.‘jp-lj , 
owing to shortage oraluminimn. |iiodiiction 
of utensils inchidin,g those for the armed 
forces diminished to 2j-3o per cent, of 
lire- War ligurcs ny.sou, l»c. ril., i j.i 1. In 
’ jd, how(;\er. about 13.000 tons nf alumi- 
nium were consumed in India of whicli 
10,300 tons were im|K>rted. .'.bout 10 per 
cent, of tlie total was intended iin' the. 
m.i niliictun- ol articles other than ui 

Dming World War II. the supjily of 
primary aluminium was augmented by melt- 
ing and refining aluminium scrap in spccialb 
installed furnaces, riie priei; ot scrap rosi- 
from .As. I to Rs. g-JI per lb., and Covern- 
ment imposed control over scr.ip, fixing the 
price at Rs. 1-12 per lb. Thereafter ;du- 
minium was relea.sed rnainb lor e-seiilial 
p'lrpnscs. 

.Muminium ware, is manulaetmed b\ 
pre-ssing, spinning or c.isting. In pri's^ing, 
the blank alter lubrication is stamped with 
the name ol' the brand and pressed into 
shape in power presses. Most ol the |)ress- 
work is usually done in one stage. Deeper 
pres:sin,gsaredonc in two succe.ssiw stages l(>r 
lesse straitt-hardening due. lo drawing. 
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'J’hf wrinkles prodiucel air irinovccl, and 
tlu* cdijc trimmed and hi'acled dnrinj^ spin- 
ning. Pressing is used foi* liie mannraeliirc 
of many artieles like saucepans, dishes, tea- 
trays, tea-kettles, etc. 'riiis process 

is geiK'ially pirlerred to sj)inning in large- 
scale prodiu lion, although it is costlier 
due to the high cost of dies, punches and 
presses. 

In the s|)inning |)re)ccss, the* blank or 
partially drawn article is held betwren a 
( buck anel a tail |)iee e* in a lathe. A weiodeMi 
or metal re)rmer, having thc‘ internal shape 
e)!' the' ai tie le te) be proeluceel, is attached 
to the 1 hiu k, anil while* the whole* assembly 
rotate*s^ the* blank is force'd against the* 
chuck with the* aid ol' toeds. During spin- 
ning, the articles should be we‘ll-lnbrie‘ate*d. 
The s|)eeel of reflation foi- aluminium sjiin- 
ning is about ;^,()e>o liui'ar I’l. pe*r minute. 

(jood chucks aie' nuKle'ofhaid ane! clost*- 
graine*el wood, sue h as liabiil weiod, althe)Ugh 
for (piality production metal chinks are 
|)re.*rci reel. Se'elional oi* split chueks 
are used iT the chuck cannot be remenrd 
wh(‘n spinning has been completeel, as in the 
case* ol''/e7rfV//s k<*ttles, etc. 

S|jinning is adopte-d in the* ease* of all 
re-entrant sha|K s ; and also for edg(*-( urling, 
beading and seaming. It is clie'a|M*r than 
pre.s.sing. 'rhe*re*fore*, although slower, it is 
])referred (e>r small seale productie)n c\e*n in 
the case of simple sha|)es. 

Soire ai tides are also made by hammer- 
ing the* she*e*(s' with mallets over woexlen 
moulds. Smallci cemeerns u.se* this |)roe;e*.ss 
for most of the*ir ope'iations. Ordinary 
sand castings are used for making ceitain 
utensils and many parts of aluminium ware. 
'The several parts are* jedned togethe i by 
riveting or by wcleling. 

Aluminium ware* is linally finished by 
bulf polishing, too! linishing, or matt finish- 
ing. In bidi polishing, surface scratches 
are first lemoved with, the aid of abrasive 


wlurcls and buffing is e arried e)nt in a smalt 
lathe w'ith tripoli for imparting In.slre. A 
spun article is dircclK buffed. The article', 
is then finishe^d wutli dry lime on a soft 
wheel. 'I\)ol finish is earrie'd out in a 
lathe with eelge>tf)ol>:. White matt e.r frosted 
finish is imj)artcd by chemical e-te hing. The 
article is e*lehed in boiling caustic sexla 
solution, washed with water, and immersed 
in dil. nitric ae-id te) re*move black dcpe)sits 
forme*d ihn ing etching. It is finally washed 
with water, anel dried. nekchis\ fhalis^ 
hatoKis^ kettles, tiffin carri(*rs, etc., arc iis- 
nally matt finished. Matt finishing may 
alse» be done* by sanel blasting. 

Some aitie le's are given a good brilliant 
finish by an e‘lectre)ly tic proiess, known as 
‘ anodising,’ followed by a e olonr finish. 
'The* article is made* the anoele* in a sulphmic. 
acid hath w'ith le*ad as the cathode, 'I’his 
])roce'ss depe)sits a hard film of aluminium 
e)\ide which adheres well, anel re*.sists wear 
and corrosion, it has also the* pre)|)(Tty of 
ahse>rbing e ertain aniline dyes giving the 
article an e*xtrcme*ly brilliant appearance. 
'The anexlisenl article is boiled in caustic 
seida sedution, nenlialize'd with nitric acid, 
finally dxed in a vat. 

Most e)f the* facteirie.'s are (*ngagi*d in the* 
production of kitchen and dairy ware. 
Indirslrial uses of aluminium warehave been 
developed during the la.^t if) years j)arti- 
eularly by the* .Muminium Maiuifaeliiring 
Ck)., Clalcntta, and Wolverhampton Works 
(k)., Bombay. Of late, industrial uses 
have increased greatly, and in the year 
e*nding June ’4*2, the Aluminium Mfg. Co. 
manufactured Rs. 20 lakhs worth of in- 
dustrial goofls and only Rs. 2 lakhs wortli of 
utensils. These articles iiichide baskets for 
collecting tea leaves, latex cups and co- 
agulating pans for rubber industry, jute 
mill bobbins, eastings for electrical and 
engineering works, and equipment for paint 
and chemical industries. Other principal 
lines of production during the War were 
Jettison tanks, fuse pad used for gun firing, 
castings for distilleries, percolators for fruit 
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juice industry, wnter-bottles, service uten- 
sils, auxiliary parts of electric translbrin(‘rs, 
field telephone parts, nu-dicinal rontaMU‘rs, 
etc. 

The |)ri( e of alumimuin ut(‘n^il.s \>: c al- 
culated generally on the basis of weigli! and 
depends also on the shaf)e and the process 
of mannfaclure. Lbuler the Aluininium 
Utensils Control Order (V/c?:. fmlia, 1915, 
No. 8, 1,236', thedentral (iovt. fixed the 
max. piices of domestic aliiiniiiiimi ware 
from I St Mar. ’43. 'flu* \anoiis articles 
were classified under 73 types for the v.hole 
of India, with 18 types more for Madras. 
20 S. \V. (i. was specified for utensils made 
of circles up to 18" in diameter ; 18 S. W. (i. 
for those between 18" and 24" : and iti 
S. W. ti. for those above 24 '. The controll- 
ed prices range I’lom Rs. 2-14 to Rs. 3-8 per 
lb. 

Some (jiiantit) ol* aluminium hollow-ware 
was being exported from India to neigh- 
bouring countries. In 1937, from 

India into deylon amounted to 973 ewt. 
valued at Rs. 1,10,376 [Ceylon Customs Re- 
turns) ; and into Burma, 163 cwt. valued 
at Rs. 23,026 (Fto, 7 >. Burma . 

AMMONIA AND ITS SALTS 

y\mmonia, NII.^ is a colourless, pungent 
smelling gas, feebly combustible in ah*, 
ft is very soluble in water (at o , i i.jB c. c. 
dissolve in i g. of water : at 20 , fipo c*. r. : 
and at 40 , 403 c.c.), and thc! solutions 

smell .strongly of ammonia. The gas also 
dissolves in alcohol, ether and other organic 
solvents. Acjueous solutions are alkaline 
and ncutialize acids forming ammonium 
salts. 

Ammonia (t,, 132"; p, 112 atm.) is 
easily liquefied by compression, and liquid 
ammonia is a colourless mobile licpiid 
(rf, 0.6382 ; b. p., 33.4*'). At o', its latent 
heal of evaporation is 302 g.-cal./g. Liquid 
ammbriia is a very good solvent for 
numerous materials. 


Anhydrous ammonia is marketed in steel 
cyliiidc’is, and aquc'ous solutions arc* iians- 
ported in glass bottles or carboys. Li(|uor 
ammonia sp. gr. 13', 0.882) c'oiUains 33 
per cent. Ml. ij\ weight. 

(ireat care should be* excTcised in handl- 
ing ammonia and its solutions, and in 
opening its conlaineis. Sudden exposure 
to ammonia \apours cause's injuries to eye's, 
and sullocation, sometimes rc'sulting iii 
death. In case of poisoning l)\ ammonia 
solutions, dil. ai'elic acid or lemon juici' 
sliould be gi\cn, followc'd, if neces'-ai v, by 
an injc'c tion of morphiiu'. 

Ammonia finds numerous uses. It is uscmI 
dirc'tily in ihc' manufacture' of sodium car- 
bonate ii'ide Alkalis', cuprammoiiiiim silk 
' vide Rayon .., and in .synthetic chemical in- 
dustry (lyc's, drugs, plastics, unIoii, iiic'a, 
c‘tc.). It is c'lnploycd as a process niati'rial 
ill textile* industiA, in rubber inamifae ture*, 
and in (In* nitriding ol* slceT In watea* 
ire'atinent it is use'el to renune' the* cxi e'.ss of 
c'hloriiu*. Since* it readily bre'aks u|) into 
its e'li'ine'nts unde'r llie* inlliicncc e>f healed 
catalysis, (he* gas is sometinu's cmple)\eMl as 
a .sonree* o(* liydioge'ii in the* welding e)f 
metals. 

.\mmoiii.i is also use'd me'elie'ine*. 
dil. sohitie)!! > lei |)cr ce ll is given as a 
slinmiaiit and re*slorative. 

Ammonia forms tlie* basis ol' the* inode'rii 
nitroge'iiindustrx , and its .salts are* iiseil in 
immense (|uanrnie*s as lerlili/ers. It is 
em])le)ye.*d alsei for the mamil'actme* eifnilric 
acid by direel oxidation vide .\(*ids). 

.\minonia is obtaine'd as a b\-pro<luit 
eliiring the* de\s(rue (ive divtillalie)n ol coal, 
for the maimfactnre' of coke or coal 
gas. It is pre|)arcd synthe'ticalK from lal- 
ciiim cyanaiiiielc by llie* action ol’ su|)('r- 
lieated steam : 

CaCX, : 311,0 ^ CiCO* jNH, 
and bv the direct ('mnbina(ie)n of its edc- 
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iTU*iUs. .riic lornier process is hce.oming 
obsolete, and the latter accounts for the 
major portion of the worhl production of 
fixed nitrogen. 

l>y-product nmiiioiiia was the cnil) source 
of ammonia till the successlul dev(-lopment 
(if the synthetic process in (Jerinany by 
IIal)«-r and IJosch in 'i[]. Sinc e; then, world 
production of synthet e ammonia has in- 
crca.si'd continuously, a id owing to decrease 
in firices, the recovery of by-|)roducl am- 
monia is sometimes Ibimd to be unecono- 
mical. 

In India, there are at jnesent two synthe- 
tic ammonia [ilantv, one at Belagula in 
Mysore (f, ton.sday), and the other at 
/Mwaye in Travancorc (40 tons 'day). A 
third factory capable of jiroducing 350,000 
tons ol ammoniuin sulphate per annum 
is being eieeted at Sindri in liihar by the 
(joveunment ol India l.Rep. feeh. Miss. 
Art. Fertilisers India, K)||'. 

The; c'conomic production ol s\nthetic 
ammonia invoh-es the preparation and puri- 
licalion of immense quantities of hydrogen 
and nitrogen, and requires a steady supply 
of large amounts of fuel, power, and water. 
After its production, ammonia has to be 
convertc'd into its sedphate, or some other 
salt, and this again re(|uires large quantities 
of raw materials (sulphuric acid orgypsiitnj. 
'file 'fravaneorc plant uses 3 million e.ft. 
of hydrogeti and 1 million e.ft. of nitrogen 
per (lay, to produce .pi totis of ammonia, 
and consumes daily '..'.p) tons of hardwood, 
120 tons of gypsum 'daSO,. 21 - 1 ^ 0 , fib 
per eent.i and ",{» tons of sulphuric acid to 
produce 150 tons of ammonium sulphate 
(('lit'in. 54» A^). fl, 93). In 

the Sindri ]>iant, the capacity of whieh is 
aboiu 7 times that of the 'rravaneore plant, 
the estimated daily retpiircments (300 work- 
ing (lays in a year) of raw materials for 
the pr(>due,tion of 1,167 tons of ammonium 
sulphate are ; coal, 603 tons ; coke, 510 
tony : and gvqtsuni, KJaSO,. eH-jO, 93 


per cent.), ca. 1,790 tons. .\ great 
deal of organization is necessary for the 
maintenance of a regular supply of these 
raw materials. The integration of the va- 
tious processes, and (he successful working 
of the high-pressure plant demand a high 
ordc'r of technical skill. 

Approximately 100,000 e.ft. of a mixture 
of 3 vol. of hydiogen and i vol. of nitrogen 
are retiuired for the manufacture of one ton 
of ammonia. Of the two gases, hydrogen 
is the more expentive to produce, and its 
cost determines the price of ammonia. 
Although nitrogen may be obtain,^d from 
the. atmosphere by the fractionation of 
liquid air, or by the removal of oxygen by 
combining it with suitable rnater'als, in 
most moclcrn plants its production is linked 
with that of hydrogen. 

H\(hogen for ammonia .synthesis is ob- 
tained chielly by (ho action of steam on 
rod-hot coke (water gas), or iron, and by 
the eltrclrolysis of water. The other pro- 
minent sources are coke oven gas, (hydro- 
gen, 50 per cent.), natural gas (cliielly 
imuhamd, and by-product hydiogen from 
chemical industries. But lhe.se, at-present, 
are not of much sygnilicance in India. 

The credit h/r developing a sati.sfactor\ 
process for |>roducing large, quantities of 
iiydrogeu for ammonia synthesis is due to 
Bo.sch. Water gas, made by blowing steam 
over red-hot coke, consists (>f a mixture of 
nearly equal volumes of carbon monoxide 
and hydrogen. When it is mixed with 
producer gas (carbon monoxide and hycho- 
gen, and nitrogen), and a large exce.s.s of 
steam, and is [lassed over a heated catalyst 
iiron ox'de with small amounts of chromium 
and cerium), yteam reacts with carbon 
monoxide arul converts it to carbon dioxide, 
yielding at the .same time some more hydio- 
gen : 

H2O (steam) \ (j (coke) - CO-lHa; 

Air (oxvgen & nitrogen) C(cokc) — CO-j-Ns; 
CIO I H .,0 - CO., I-H,. 
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The rcsulling gas mixture is passed tlirungli 
condensers to remove steam, and earboii 
dioxide is eliminated by serubbing tln^ 
gases under pressure '.-,0 atm.) witli water 
Ovhen (.!C), dissoht.s leadily., and then 
with a solution oC eaustie, sotla. ]'inall\. 
nneonverlcil earbaii monoxide is removed 
by sernbbing the gas mixlnre under ])res- 
sure (‘.mo atm.) with ammoulaeal <-op|)er 
I'ormate. After liiis, only nitrogen and 
hydrogen are leli behind uitli trace': of 
inert gases (methane, argon, ete.). 

Water gas and jn'odueer gas are usually 
mixed in the. ratio i : 2 or 2 : ;] by xohnmr 
(Curtis, Fixed Nitrogen, 1932, '223). 'This 
mixture after passing tlirougli carbon mon- 
oxide converter, and purification, contains 
hydrogen and nitrogen in the correct pro- 
pention for ammonia .ssiitliesis. 
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This procc.ss yicld.s hydrogen as well as nitro- 
gen at tlic lowest cost, and is used for the 
Itroduction of the. major proportion of 
world’s synthetic ammonia output. 

In the semi-water gas method, a modi- 
ficaticn of the above process, air is intro- 
duced simultaneously witJi steam into tlie 
gas generator containing rerl-hot coke, at 
sueh a rate that semi-water gas is produced. 
.\ftcr purification this contains hyclrogj-n 
and nitrogen in (he correct proportion 


fi»r ammonia suuliesis. I'hc Trclmii-. l 
Mi.>sion (Rep., loc. rlt.) has ixromineiuled tin 
ailopliiin of (hi-: meihod hy tlie Sinilri 
|>lant. 

he sli am-irnn re.ai lion, 3 Fe .O 
1 V;(), jTf.., althoiigli it li.is been nad 
for till-, preparation of large volnm<‘s of 
hydrogen. I’or oil bydrogenalion, h.i:’, not 
fouml fa\(.*nr in the, syntlielie ammoiii.i 
itulnslry. d’hisisdiu^ to the cost ofprtjihie- 
tion of largi- volume's of water gas (•.!.3-;; 
vol. for f \ol. til' hyilrogen'l re(|nireil to 
iTgenerati'. iron from iron oxide. However, 
this is ait alternativt: process vvhiai I'ut'.K 
otlier than coke ha\e to be i:mployi;d (i:r. 
Rei). T cell. Mil'S.}, and is now hciiuj used 
in the syiithclir. ainmonfa plajiL of lln 
'rravauroro FiTlili/rrs and ( llinnical.s at 
Alwavi*. Prodiu'iM' j>*a.s i.> m.'ncvalod lioin 
wood ; a |>ai(; of it is used Tor rndmaion, 
and tli(.‘ Kst as riicl. Nilroiicn and raiboii 
dio.\id(‘ arc iccovcicd frean iIk' jfasi's n vnli- 
iira from coinhnslion. 

[ji lli<’ ciccirolylir pioccss, Iiydi4ji>rn is 
pi cparcfl ])y passiu.cjf a dirci t current between 
iii. krl-pla.l(‘d cicci rodcs lIiroiiLjli. a lo-'jf, 
|)cr ccnl. solnlion of <*a.n';i?c soila in a 
s(‘ri(‘s of c irlls. lJul: ilic l onsninplion ol 
cinroni. is \(!ry hij^li, ncarl\ t;J,l^OO kw.-hr. 
bcini» i (‘(jnii’ci1 for the i)rodn('tioii of one, Imi 
of aininonia. Out of this, iJ,}}oo kw.-hr. 
arc* used for the piwliirtioi) of •!}],, |0O c!.fl. 
of liydrotfcn ;'i kw.-lir. on a.ii avcia.^i* 
prodiicin?^ y.f) c*. It., liydrou;cn), and i,|.cjo 
kw.-hi’. for power, etc:. The prc 3 eess is 
eeoiioinieal only in places when: cleetric:iiy 
is very cheap. A part of hydrogen prexineed 
e.l'l.) is burnt in air (;}2,ooc) e.ft.) 
to ])re|>arc nitrogen ('-if), 30c) e.ft. - I'a nsi, 
Fixation of Almospherie. Nitrogen, 
tip and (jo). A special burner is employed 
and the supply of hydrogen and air is so 
adjusted that after drying, the exit gases 
are made up of Jiydrogen and nitroge n in 
(he correct ratio for being sen* to (he con- 
verters. 

The li(‘lagula plant ai Mysor.- which uses 
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the eleclrolylit: process gets its supply of 
cuiTcnt at tlie low rate of one eighth 
of an anna per kw.-hr. But even at this 
rate the cost of electricity per ton of ammonia 
syntlicsiscd works out to Rs. 103. Accord- 
ing to Technical Mission, suHieient power 
is not availalde anywhi!re in India through- 
out the year for tlie production of any con- 
siderable proportion of fertilizer re(|uircd. 
'riu! Mission could not lecomnunid the 
ado])ti()n of the ])rocess even for small 
plants to meet a ronrentrat(‘d demand in a 
special area. 

In the original llaber-Besch process, a 
purified mixture of hydrogen and nitrogen 
in the ratio 3 : i by vol. at about 500' and 
200 atm. is circulated in high-pressure 
ves.sels. called ‘‘converters,’ containing the 
catalyst maintaiiu'd at ^oo-Goo", 'The cata- 
lyst is 'said t*.) consist of a specially prepared 
form of reduced iron to which are added 
.small cpiaiililies (about i per cent.) of 
sodium or potassium oxides, alumina and 
silica. The formation of ammonia takes 
place with the evolution of considerable 
heat which is made use of in heat c‘xchangers 
to pre-heat gases entering the reaction 
(diambcr. 'fhe ga.«es leaving the converter 
contain u.sually G-io per cent, of ammonia, 
which is s.crul)l)«'d out with water, and they 
are then sent back for recirculation. Haber^- 
Bosch plan tS: account fin about one-third of 
the vyorld capai'ity of ammonia synthe.sis. 

TIk? Haber- Bosch process has been medi- 
jied since its ini rod net ion in numerous 
ways, and these changes relate mainly to the 
working. ,pre.ssin:e and temperature, the 
catalyst,, and plant design. Other proce.s.ses 
now -in operation ai'e the Casalc, CHaude, 
Fauscr', Mont Cenis and the American 
processes. 

; ■ . f 

TJio Claiult? proi^ess vvoiks at 
and . 9OCNIO0O atm. Wilh a number of 
converters in. series, the overall yield of 
ammonia is about 85 per cent., and the 
residual gi;.ics arc not recirculated. 'J’hc 
Casalc prcM'ess woiks al f,oo’ and .it 600-750 


atm., and conversion is about 15 per cent. 
The Mont Cenis process, on the other 
hand, operates at 100 atrn. and 400-425® 
iisiiifj an iron-c.yanidc catalyst. Its conver- 
sion cfliriency is 8-20 per cent. 

'I'lie Fauscr and the American processes 
are very similar to the Habcr-Boscli process, 
'riie former is charactcri/ed mainly by 
the use of electrolytic hydrogen produced in 
a .sptreial type of cells. The American pro- 
cesses work at 500" anti 200-500 atm., 
using a doubly promoted iron catalyst. 
The plants arc of special design and employ 
a purifier, which is really an initial ammonia 
converter operating at a somewhat higher 
temperature, in whicli impurities in the 
gases are removed by the ammonia formed. 
Conversion eflieiency varies from iG to 22 
per cent. 

I’iie caljilyst employed in tlic American 
process for ’.synthetic ammonia production 
consists of iron oxide granules containing 
I per cent, potassium oxide and 3 per cent, 
aluminium oxide (based on the wc'ght of 
iron oxide) as double promoters (Induslr. 
Engiig. CImn., 1925, 17, 971). It is utlvcrscly 
affected by several ‘ catalyst poLsons’, the 
chief of which arc sulphur compounds, water 
vapour, carbon monoxide, eaihon dioxide, 
and also free oxygen (methane and argoil 
have no action). Hence the necessity for 
elaborate purification before the gas mixture 
enters the conv'crtcrs. The normal life, of 
the catalyst is about 100 tlays. During 
operation its temperature is maintained at 
480”, and since temperature.'! above 500' 
greatly reduce its .life, the circulation of 
gases and Jieat exchange .systcm.«'' must be 
veiy efficient, in order to prevent over- 
heating by any local rise in temperature. 

’flic converter in the American system is 
a thick-walled cylinder of chromium-vana- 
dium steel, and is built of a single forging, 
except for the head, or is a laminated struc- 
ture with several concentric cylindrical 
forgings pressed one above the other. It 
contains the contact chambers made ol 
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three concentric steel tubes, the heat ex- 
changer, and an electrically operated heal- 
ing unit. This heater is rccpiired to pre- 
heat the catalyst when starling the opera- 
tions, and also to supplement tlie heat from 
heat-exchangci’s for raising the temperature 
oftlic gas mixture to about 410" l)efore 
it enters the contact chambers. 

The cold gase.s enter from the bottom of 
the converter and travel up the annular 
space between its outer wall and the contact 
chambei’s, and keep the shell wall relatively 
cool. Then they pass through the hcat- 
t;xchanger, and over the electrical heating 
coil, and enter the contact chambers, where 
.synthesis takes place. The conversion is 
about 16 per cent, at aspace velocity (number 
of litres of exit gas at N. T. P. passing over 
I litre of catalyst spare per hour) of 40,000. 
The exit ga.scs (f)io") aflei passing through 
(he heat-exchanger insule (he converKn- 
aic led into (he eandenscry. 

In the first condenset, which ir water- 
cooled, the temperature of gases is brought 
down to 30-34“, and because of the high 
pressure a portion of ammonia is lifjucficd. 
In the main condenser which follows, the 
temperature is lowered to about 3", by the 
exiiaiision of ammonia, due to release ol 
prc-s.''ure, and all the remaining ammonia is 
lic|uelicd, and sent to storage. 

The unconv'erted gases are mixed w'ith 
fresh make-up gas mixture, compressed and 
returned to the converter. Periodically 
the gases arc purged to remove accumulated 
argon, etc. The los.ses due to this and to 
leaks, etc., in the circulation system, average 
to about 10 per cent. 

Since the first successful operation ot the 
Haber-Bosch process in ’13, the synthetic 
ammonia industry made spectacular pro- 
gress, and the process has become the lead- 
ing method for the fixation of atmospheric 
nitrogen and for the production of the che- 
mical nitrogenous fertilizers. ^ By about 
*24, world production of synthetic ammonia 


eciuallcd that of b) -product ammonia, aii<l in 
’34, outstripped the latter by about a million 
tons. 
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Till the commencement of the World 
War II, (lie greatest developments in the 
production of synthetic ammonia took pl.irc 
in Germany, and her annual oiit]nit w'as far 
in excess of that of any «>ther country. 
World capacity for nitrogen (ixalhm about 
the year ’40 was estimated at 
short tons (N), and of by- produet .immonia, 
(>03, 000 short tons (N). Of this, German 
eapaeity was i,3().i,ooo short tons (N) of 
synthetic ammonia, and 137,500 short tons 
(Nj of l)y-prodnet ammonia. A single 
titanic, factory at Lemia was jinxlncing 
()p),ooo short tons ( N) ol synthetic ammonia 
ilndtislr. (dn‘Pt., ip-io, 3"> '170^- 

During the last War, llie largest expansion 
in synthetic, ammonia prodiiclion took plac»‘ 
in liie LI. S. A. in order to meet (he military 
demand of the allied powers for nitric. a« id 
and ammonium nitrate. In ’45, the total 
capacity of the plants in the U. S. A. was 
1, 450,000 short tons (750,000 tons in (joveui- 
melil plants, and 700,000 t«)ns in private 
plants of synthetic, nitrogen {Chi’/n. 
jVews, i945> 32» 1^09). In I'iiigl.ind, prothu - 
tion of syaithetic ammonia and by-product 
ammonia in ’39 was i6h,ooo long tons and 
12,250 long tons respectively, and foi 45 j 
the corresponding figures were 201,050 and 
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iG,o7", »/-3 M) 17 j India, lam ever, oeeupies a very iiisigni- 

H)i). The oi Ik r eounliies whieli expanded (icant ])o.sitioii in iJie nitrogen map of the 
pKKhiction were (Canada and the S. S. R. world. Her eonsumptiou of ammonium 

siilphat(‘ as fertilizer rose u]) to about 100,1)00 
At the same lime, the eapaeity of Axis tons in of whieh nearly 75,000 lojis 

eomiliies deeu ased eonsiderably ;is a result were imported, wliile indigenous produetion 
of syslematic l»ombing, and disniplion after of b\ -produet ammoniiini su]])hate, from 
their defeat. Today, as a k'miU (»finrreased coke oven gases was only ‘^5,000 tons. The 



{Onnfiix if C (J.ninnuSj Tiaiannnr) 


world (Irniaml I'oi clifiiiit ;d iiiln “icnoiis fiisl syiitliclic ninnionia phi.iil, in ^^ysor(.', 
iV'.ilili/.crs, tlicic is ;iii adili: sli()rl;i,L,a*, and started pindiietion in \’ery recently 

<li;itnlnition ol- lhe-c lerlilizers is l)eiiio- ion- a second pl.inl, in 'IVavaneoie, Las 

(rolled hy llic (nternaduiud l oud (loniieil. .yfoiv* into prodncdoii. Tliere two have been 

In India, d'stiibulion is carried mil by the de^ii’iied by American chemical cngineeis, 

(Imcrmnent with a hinh pri<nitv for I'uod and are expected to meet the rertilizer 

( Hips. demands of surrounding areas. 

h- 
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I’Ik* iinnicdiatc post-war rccjuin'mcnlf’ of 
ammonium snljdiatc fertilizer in India. 
ha\(‘ been estimated at 350.000 fons. In 
(ivder to make I lie country self-sullicieiit 
^\itll respect to this commodily, the (Jrverii- 
lucnt of -India invited a teelmical mission 
Irom tlie IJ. K. with Mr. (j. S. (Jowing nf 
die Imperial CJicmical Industries as l(‘ader, 
In ad\ ise on its inodiicdon. Alter con^ider- 
!ii|^ tli(’ recomnu’iidations oftiu* ('oininitt<e, 
( iovcrnmenl started tlie erectinii ol' r*iie 
I'ac.loiy at Siudri nc'ar Dhanbad. in 
I'iliar. The estimati'd ('ai)ital evcpcaiditUK' 
ef tlie Sindri jilant is Rs. 10.53 emres, out 
mT which Rs. 5..(.|. crores arc H»r jilant and 
<<|ui|)inent ^'iis ;j!;enerators mid |.)urilicali(»ii 
compia's^ors, con\ crli'is and otliei* 
liio’h-pressun' equipment, ('oiuh*nscr.s, etc. . 
Materials worth Rs. 3.11* cronvs are to be 
ifn[)oiicd and the rest obtained in India.. 

Ill India, the industrial eoiisnmpiion ef 
iimnonia hitherto lias been via y siiia'd while 
ill the Li. S. A. the jireseiit eoiisuinjition is 
estimated to rt'aeh 2f)o,ooo tons J. chnn. 
/(duc.^ ic).I 5 , 22, til 1 ). 'The average aiiiiiial 
iinyioi’ts of ammonia into India in lh<‘ 
quinquennium endini^ ’: 3 d "30 (I • R., por 
<‘ent. : were only il> 5 tons vahieil at Rs. 'j.y 
lakhs, and nearly qo |)er cent. oT ihi'^' ^^'as 
lei'd lor rc'IVii^eratic^n. Diirinc;' lln‘ War, 
•line ammonia was also ('inploNcd for eou- 
‘eision into nitrie aeid in th(‘ (.)iduaiHe 
iaetories. The Heavy (Ihemieals and Idee- 
'ro-C:heinicals Panels appoinl<(l by die 
IMamniitr and Development l)('p., (nnt. ol 


Jndia R^*j)., i() 1-7, -IT ha\ i’ e a Iia.n. • I duo 
with the ‘^io\.dl ol elien iea! iiidn ole’, in 
tli<‘ lulnr(‘, ih..'* aiiuiial iiidiistilal ((r.iMinqv 
tion orannnnnia will lx* il-io diousaml Ions 
disiribnlei! lhu»: 1,500 (■ ns (l»r llie pirp.i- 
rati<»n oT a 

and ammonium earbniiah- boo Ions 
thousand ions foi* the maiiiirai tun- 
ol nitrie a( id ; .1-5 thou. and Ions Tor 

soda ash plane- : and ^-3 liimdn'd loi^ Ibr 
reli ig<‘r;itioii. !l a Itai lltoiisaiid ion urea 
plant isjml into o|)eraiion, this will ie(juire 
an addilionri! {)~j dionsaiid loiisol aiinnoni.i. 
'Die sui)ply of Ihesi' (luaiiliiit's aie <'\])i'eled 
to become a\ailabli‘ lioni die Sindii plaiil. 

Ammonium Acetate 

Ammonium aclel.ite, M lj.( !. 1 1 
: m.p., t'q"; !s a w bile li\ ».sropir er\s| illiiM* 
material, readiK solnhlc* in wal«-i*. I( is 
prepared b\’ ii( iitrali/in<» a? elie at id widi 
aiiunoiiia. In j!ie(Iiein(‘ il is list d as a niild 
< x|KM.*loinnt. diuretie and dianlioie!;^ . It 
irj al-.o UM'd in l«‘\iilv* d' -lu;;. 

Ainmorduin Cai bonnte and .:irf>oi;ate 

( dinmt'i (ia • .niiiiiniiinni raibonalt' lOii- 
••■isls ol a nn.M'aie .»l aaia. •’niiin l.•i^’Lirboll;lt(•, 
-nid aiiinionn'iii r nbaniat!-. 
XU ..(■( ).( )A 11 .. Il oM iiis i’-i (I'vslalliue 
nMiislui rnl ina.-'.( se-hablc- in w iI-t, and 
has a >lroii3 odoni of .iinnuana and a 
piiP’-^r.U a iinnoniac.d ta‘ (<‘. ( )ii cvoosnr'* il 

iiiulei'ea .(•; d\ ( oiiipt ' ! ion lornii'i;; •innio- 
nluni bii ai l)ona le. 

.Xinmoniinn t.ubonaie is Ib.iimd when 
aninn»niiiin snlpli.Oe is luMled wtdi « .deiimi 
e.iibonaU* or b' le.-o’niL.'; 1:1 .nn'aoiiia. 

( arbian diosidi' and Nleam niio waha a f)«.!e(l 
lead ( li.iiiil.>ei>. Il i> iis«‘d in iji dimi'* as 
sinellinq sail*., and i"> a \ala '•)!«* < son- 

loraiil aii'l « i. 1 inin. 1 hv . . Ii is aha . nailo - 
ed in tile pi'cp.'i a.l'oa oj' o iKiie; :v 

Anunoiiiuiii bi'su lx •i.a. ■ i- lonneii \\l-< n 
ammonia .nn! i •iboa •;! n-' :i: « id'-.r 

|)i’oporlions aie |>as‘'.d nU.o waUT ;.i 



I'JiE \VEAi;iJl OK INDIA 


Ilniiiybc prepared from commercial ammo- 
nium carbonate by disiolving out carbamate 
by means of aleoliol. It is a crystalline 
powder and has a faint odour of ammonia 
and a pungent taste. When heated (36-60"), 
it decomposes giving ammonia, carbon 
dioxide and water. It is us«'d in baking 
powders. 

The average annual imports of ammonium 
carbonates during the triennium ending 
’38-39 were 600 tons valued at Rs. 1.85 
lakhs. The chief suppliers were the U. K. 
(6() per cent.) ami (Terinany (22 pei 
cent.). 

Ammonium Chloride 

HIND. -AV/MfWrt/ ; O'l'HhRS .Xtiii.uiif/ii. 

Ammonium chloride, Nll|(;l, commonly 
known as salammoniac, is a white crystalline 
.solid with a fibrous structure. Jt is odour- 
le.ss and has a .saline, taste. It is .slightly 
hygro.scopic and is readily .soluble in water. 
When heated, it volatilizes. 

Ammonium chloride is used in galvaniz- 
ing, in dyeing and calico-printing, and in 
the manufacture of Lcclanche' cells and 
dry batteries. It is employed as a soldering 
flux, and in electroplating. In medicine, 
the salt is used a;' an exjjcctorant, diapho- 
retic and diuretic, and in inhalations. 

'riie .salt is generally not used as fertilizer, 
as it is likely to increase the total chlorine 
content of the soil when other fertilizers 
like ])otassium chloride are also employed. 
In other c;ises it is as clfcetivc as the sid- 
phate, but it is .slightly more expensive. A 
fertilizer grade of synthetic ammonium 
chloride contains, N, 24 per cent. 

Ammonium chloride, is more eft’cetive for 
grain crops than for root crops. When 
applied to barley, the grains contain a 
low'cr percentage of nitrogen than when 
ammonium ;:.iilphate is used, W'hich rai.ses 
its malting and money v.alue. 


Ammonium chloride is usually produced 
by pa.ssing ammonia gas into hydrochloric 
acid, or by ncutializiiig ammoniacal liquor 
with hydrochloric acid. The sak is purified 
by crystallization from water, or by sub- 
limation. A vcryjjurc product is obtained 
by mixing gaseous ammonia and hydrogen 
chloride diluted with hydrogen, maintain- 
ing the tempeiaturc at 230-310“. 

In certain villages of the Punjab (Karnal 
dist. and Patiala State), small quantities 
of crude namadar collect in the colder parts 
of brick-kilns called pazawas which are 
lired by refu.se. This material is recovered 
and purified b> crystallization or sublima- 
tion, and various grades c.f the product 
(NH,C 1 , 13-99.8 per cent.) arc locally 

marketed (j)uuniclilf, Proc. nat. Imt. Sci, 
India, 1943, 9, 163 ; Sarin, Set. & Cull., 
T94‘-42. 7» >07.) • 

The average annual import of ammonium 
t:hloride during the triennium ending ’38-39 
was about 1,500 tons, valued at Rs. 3.88 
lakhs. The principal suppliers w’crc the 
U. K. (46 per cent.), and (Jermany (25.3 
per cent.). 

Ammonium Nitrate 

Ammonium nitrate forms colourless de- 
liquescent crystals (m. p., 153-166“), which 
arc highly soluble in water. The salt 
decomposes above its m. p. (210") yield- 
ing nitrous oxide : NH<. 

2H2O. If heated suddenly to high tem- 
perature or detonated, it explodes with 
great violence : 2NH4NO3--2N2-I-4H2O 

f-O.^. The molten salt also decomposes 
with explosion in the presence of traces of 
organic materials. It is packed in barrels 
or casks marked * Dangerous ’. 

Ammonium nitrate is used in the pro- 
duction of munitions, and is a constituent 
of the high explosive amatol (a 50 : 50 or 
80 : 20 mixture of ammonium nitrate and 
trinitrotoluene). It is also used in the pre- 
paration of nitrous oxide (‘ laughing gas ’), 
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in fireworks, and freezing mixtures. in 
recent years, it is being increasingly used as 
fertilizer. 

In the manuracliire of aninioniuin nit- 
rate, nitric .acid (40-50 per cent.) is added to 
ammonia liquor (25-30 per cent.), in closed 
iron tanks provided with agitating gear 
and cooling coils. The resulting solution is 
kept sligluly alkaline, filtered and evajmrat- 
ed in vacuum pans. I’lie crystals are sc- 
paratixl from the mother liquor and are 
dried by a powerful striMui of warm air. 

Ammonium iiitiate. lor tJie jiroduction of 
amatol was manufactured in India, dining 
the War, in the liigh explosive factories. 

Since *4()-47, some ammonium iiilrale 
(nitra ])nlls vide infra) is being snpjilied to 
tea estates for use as fertilizer. 

Ammoaium Nitrate as Fertilizer 

Aminoiiiuin nitrate is the (piickest acting 
nitrogenous fertilizer, and when pure, it 
contains 35 per cent, of nitrogen, half of 
which is in the form of nitrate and half in 
the form of ammonia. It snlfers from two 
disadvantages which have liitherto restricted 
its use as fertilizer : it is hy'^groscopic and 
sets to a hard , mass, especially in a moist 
climate ; and under certain conditions it is 
a dangerous explosive. 

Ill order to overcome these disadvantages, 
ammonium nitrate is mixed wuth pow^dered 
chalk and marketed under tlic name ' nit- 
rochalk.’ This contains about [4.3 per 
cent, ammonium nitrate and ji.d per cent, 
calcium 'carbonate, with 20.5 per cent, of 
nitrogen. Ni.rochalk can be used in all 
kinds of soils, since calcium carbonate 
present in it counteracts the leiidency c)f 
.ammonium nitrate to make the roil acid, 

‘ Lcuna Saltpeter ’ BASF, developed in 
Germany, is said to consist of a double salt 
of ammonium nitrate and ammonium sul- 
phate, containing about 26 per cent, nitro- 


gen, one-fourth as iiitrau\ and tliiec-foui tli 
as ammonia. 

rile problems counccicd witli the dirccL 
use of amm iiiiuin nitrate as fcrlili/cr liavi* 
been tackle:! w’ith a large measure of ^ik'ccss 
in America, diuang the last fiav years, in 
order to liiui an outlet lor the surphi.s |)ro- 
ductioii of (ji)verument lacroriis creeled 
dining the War. Tlic caking dilli/ultics aia- 
overcome by graining or ^prilling', 'The 
molten nitrate w’hile Ixang stirred is iiooled 
under card ally controlled la.iulitions, w hen 
rounded granules, composed of several 
line cry tals, are formed, riiese arc sub.se- 
quently screciK^d to separate granules which 
].>ass through 12 mesh [Indusl. Knonii. (Hi m., 
38, joq). In prilling, a concentrated 
solution of the nitrate is sprayed at the Lo|) 
of a 70' low'er. Wlien going ilown, llu' 
(lioplels meet a connler-ciirnait of hot air 
and solidify to splnaical prills, ‘ nitraprills' 
of tlic size of buck-shot {(ihein, b 

114, i2<S}. riie granules and [irills arc 
conditioned by coaling them with a walei- 
rcptdhail, ccMisisling of i per cent, of a pet- 
rolcum-rosin-parallin mixturii (i : 3 : i;, 
snb.scqiKMitly dusted with [. per nait. kaolin, 
and packed in multi-wall paper bags, with 
tine or two nniislure-proof plii's. Thi' mate- 
ria! thus prepared poss(‘s^(‘s good sUaage 
propel (ievs and di illahility. 

riu* coiisuiuptiou of annnoniuni nitrate 
ill ihi* IJ S. .A., during the hatilizer ye:ir 
I J-fb ap|)ro\imali‘l\ 31)0,000 tons, 

and American fanners have now become 
familiar with the use of conditioned :im- 
inoninm nitrate 'H.rltrm. Kdiir.^ ^-9 

hi I . 

Amnioiiinin nilraU*, as such, is not ex- 
plosive, but it explod(‘S with great vioh iicc 
when mixed with certain imilt'iials, or 
when it is acted upon by a high velot ily 
detonator. Investigations by tin* f-. S. 
Dcp. of Agric. have shown ilial in spile 
of several disastrous explosions coniK eled 
w’itli animoiiinm iiilraic.whcn pure and in 
ordinarv conditions, it is ndalivcly safe 
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{Chan. mctuU. Iui«iiq., iyj |, 5*j No, 4, loi; 
Chan. Kiign:.’., 1947, 54,_N<>. f„ 147), anti 
ihc clangor is furllicr mininiisrcl whon it is 
granulalrcl. 

'riio '1V( liiiit al Mission on arlilicial Rt- 
lili/crs opinc'cl that the host inclhocls ol 
I'ondilioning atninoninm nitrate then avail- 
able t oil Id not be considered to 

yield a product coni])arable to the snlphate 
jiir the conditions of storage, transport 
and .application, likely to be. Ruind in 
India. Besides, annnoninni nitrate; was 
n(*w to Indian :igricidinral ex|)erls and they 
were not [)repared to recommend its trial 
without extensive lield trials spivad en'or 
sc;vcral scxisons. However, India’s lack of 
sulphur jTsources, and the diflicnltics of 
a(;r.ess to, and transport of, larged quantities 
of high grade g\psum might force the; 
country to ic-explore the possibilities of 
the mannfactuie of nitratc'-bascd fertilizers. 

Ammonium Phospliates 

'I'here are three ammonium salts of phos- 
jdioric acid, the; acid bc'ng tribasic. Of 
these, Iriammonium phosphate, i'NIf,).,. 
PO„ is unstable*, and on exposure to air 
givTS olf ammonia forming diamnionium 
phosphate, (Nlf^V,. HPO,. J’he latter and 
monoammonium phosphate, NH^. H^PO^, 
are obtained in the form of white, 
crystals or powdeis, and are readily soluble 
in water. A solution ef rnonoammr nium 
phosphate i.s mildly acidic, and a .solution of 
diammonium phosphate, leebly alkaline. 

Monoammonium phosphate is prepared 
by Ic'ading in .'immonia into 75 per cent, 
phosphoric acid. Considerable heat is 
‘evolved and the solutioi* . becomes pasty. 
On cooling, it solidifies into an almost 
.solid crystalline mass, fn the preparation 
of the diammonium salt, phosphoric arid 
of 35 per cent, concentration is employ- 
ed. If the acid is slr()nger, the rise in 
temperature ij so great that absorption of 
ammonia becomes incom]iiet<*, resulting in 


the formation of a mixture of the two saUs 
(Shreve, 349). 

The most important use of ammonium 
j)hospliat<.s is as fertilizer and they form a 
ready source of both nitrogen and phos- 
phorus : 


IVr cell I . 


NH, P.,<K 

Monoammonium phosphate . i.).8 61.7 

Diainmoiiiuin phosphate 25. B 5 5. 


The fertilizer is marktrted under the name 
‘ Ammophos and’is usually .sold in two 
grade's : 



NIL, 

I’iO, 

(avail.'iblc 

‘ Ainniopho.*; A’ 

*.'1 

■ 48 


‘ .Xminophos B ’ 


Mixed fertilizers containing other plant 
nutrients, such as ammonium sulphate and 
potassiitm chloride, arc also marketed. 
“ Leunaphos ” and “ Diamondiphos ” con- 
tain varying jiroportions of ammonium 
sulphate. 

.1 he technical grades of ammonium phos- 
phates are also used for fire-proofing textiles 
and timber, and in the manufacture of 
yciist. 'I’hc inedicinal salt, is a mixture of 
mono-, and diammonium phosphates and is 
emjdoycd as a diuretic. 

y\mmoniura phosphate is always used in 
combination with other plant nutrients 
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(compound fertiUzers). Before the War, 
Imperial Chemical Industries (India) were 
imi^rting ‘Nicifos 22/18’ (N, 17.5 and 
P.Oj, 17.5 per cent. ; Rs. 8-6-6 per cwt.). 
At present, ammonium phosphate (N, 16 
and PaO„ 18 per cent.) of Canadian origin 
is being imported by the Government, and 
the price is Rs. 15-8-0 per cwt. 

The average annual imports of ammonium 
phosphates during the quinquennium end- 
ing ’ 38-39, mainly from U. K., were 4,400 
tons valued at Rs. G.50 lakhs. 

Ammonium Sulphate 

Ammonium sulphate, (NHJ,SO^, is 
obtained in brownish-grey to white crystals 
depending upon the degree of purity. The 
salt (sp. gr., 1.77) is odourless, and has a 
shaqj saline taste. Jt is stable and melts at 
140“. It is soluble in water (about 3 parts 
in 4), but is insoluble in alcohol. 

Ammonium sulphate is extensively used 
as fertilizer and forms more than 50 per 
cent, of all the nitrogenous fertilizers pio- 
duced. The salt is sometimes used as a 
source of ammonia. Commercial grades 
contain 0.4 per cent, acid and 3 per cent, 
moisture. The .synthetic product is 99.5 
per cent, pure (N, 21.1 per cent.) and its 
moisture content is less than 0.3 per cent. 
The salt is packed in bags or barrels. 

Ammonia is converted into the sulphate 
by two processes : (a) by neutralization with 
sulphuric acid, and {b) by the gypsum 
process. 

In synthetic ammonia plants neutraliza- 
tion is carried out in a large lead-lined 
* saturator*. The acid is fed from above, 
and ammonia bubbled from _the^ bottom, 
both at a uniform rate, maintaining the 
acidity at 1.5-3 per cent. The temperature 
is kept at 80-90“ by the heat of neutraliza- 
tion and by bubbling steam through the 
solution. When the solution is saturated 
with ammonium sulphate, the salt begins 


to crystallize out, forming a slurry. This 
is prevented from caking by agitation. 
When the percentage of solids in the slurry 
reaches 40"45 pc>* cent., the entire contents 
of the saturator are transferred to a sump 
tank. After settling, the clear liquid is 
returned to the saturator, and the crystals, 
centrifuged and washed with water or dil. 
ammonia to free them from adhering liquid. 
They arc then dried in a rotary-kiln, screened 
to remove fine dust, and bagged. 

The production of pure white and uniform 
crystals requires careful control of condi- 
tions. Crystallization is carried out in a 
slightly acid solution containing a trace of a 
tervalent ion. The formation of large crystals 
is induced by the addition of small amounts 
of phosphates or phosphoric acid (Thorpe, 
I, 251). The salt thus prepared does not 
cake when stored. 

In the Fauscr process, sulphuric acid is 
sprayed into chambers in counter-current 
with ammonia gas. The heat of reaction Ls 
sulBcicnt to produce solid sulphate in 
granular form, and this has no tendency 
to cake ('Fhorpe, loc. cit.). 

In the recovery of ammonia from gases 
formed during coal carbonization (coke 
oven or coal gas), tar is first separated from 
them, and they are then bubbled through 
sulphuric acid. Alternatively, the gases are 
stripped of their ammonia content by pas- 
sing them through water, the gas regenerat- 
ed from solution, and absorbed in sulphuric 
acid {Trans. Min. geol. metall. Inst. India, 
1940, 35 » 381)- 

In the gypsum process, ammonia is first 
carbonated to form ammonium carbonate, 
and a solution of the carbonate (40 per 
cent.) is reacted with finely ground gypuim 
or anhydrite (40 mesh). In some plants, 
ammonia and carbon dioxide arc passed 
directly into a reaction vessel which con- 
tains a suspension of powdered gypsum in 
water. After filtering off the precipitated 
calcium carbonate, the solution contains 
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about f)f) ft. ol’ animouium sulphate in too 
c. c. This is then transferred lo steam- 
heated evaporators and crystalli/alion is 
carried out under partial vaeuuiii. 

Clideiiun eailtonate obtained in the ])n)- 
eess contains traces of nitrofttai, and may be 
used for aftricullural ])urpos<'s, as a flrcssiiift 
for land defieient in lime, c)r for the maim- 
faeture of cement. 

In India, the syntlv'tic ammonia plant at 
Belaftula (Mysore) employs th(! neutraliza- 
tion process, and prodiiees 20 tons of the 
sulphate per day (b,ooo tons per annum). 
'The Travaiicore factory at Al\\'ay<* eombines 
the Iwr) ])rocesses, and [)rodNcrs jrjo ions 
of sulphate per <lay (/. sci. iudusir, Res,^ 
65 i;{). 'I’liis fictory obtains its 

sup])lies (d’ftypsum (150 tons tlay) from the 
Triehinopoly area, estimated to contain 
million tons. 'The ore is about tUi per cent. 
j)ure, and is crushed and washed befijrc it 
is rcduc(?d to powder. 

'I'hc Sindri factory is designed fur the 
prodiielion of the sulphate by llie ftypsum 
process. 'Fhe auniial gypsum eonsumjition 
of this factory is estimated at 53b, 000 tons, 
and the gypsum reserxTS are located in the 
Salt Range (70 million tons) in West Punjab, 
and in Bikaner and Jodhpur States (15.6 
million tons). The mineral from the Salt 
Range (Khewra and Daud Khcl) is of high 
j)nrity per cent.). Plu! deposits also 

contain anhydrite and investigations have 
been undertaken to determine the. reserve- 
available. Tlic use of anhydrite is expected 
to reduce the cost of production of ammo- 
nium sulphate (Rs. 119 per ton) by about 
Rs. 3.5 per ton, as it is free from water 
‘(gypsum contains about go per cent. H, 0 ). 
The Jamscr deposits (B.ig million tons) in 
Bikaner form an alternativa! source, although 
the mineral is of poorer cpiality (83 per 
cent.). 

The average annual imports of ammo- 
nium rulphatc in the r|uinoucnniuin ending 
’38-39 were 56,000 tons, valued at Rs. 57 


laklis, and the IJ. K. was the piinci|3al 
supplier (85 per cent.). 'Fhc consumption 
in India ros<‘ up to nearly 100,000 to!is in 
'38-39. The production of by-ptoduct 
ammoniuni sulphate from coke oven 
gas(*s was al)out *.>5,000 tons per annum 
before the War, llu' yield per ton of coal 

rok(’d l)ciiig *^5 lb. 

Imports of ammonium sulphate arc duty- 
free. Before ’39, the lm])erial Chemical 
liuhistries (India) weri! the chief importers. 
World supplic**^* ol‘ ammonium snliihale are 
now conirolled by (he rnternational Emer- 
gency F'ood Council, and price lixation and 
internaldirtribuUon are madeby the Covcni- 
meiit, wilh a liigh priority for food crops, 
such as, paddy (60 |)(‘r cent.), and wheat 
( Cf) [)< r cent.). At [)rescnt, tlicre is an acute 
slu>rtag(‘, owing to increased world demand 
for food poxhielion, and India gets hardly 
50 pta* ernt. j)f allotments made. 

In India, the xiail ])rice of ammoniiiin 
sulphate*, was Rs. 8-2 per cwt. in ’39, and 
Rs. 15 |)er cwt. in \\y. The prices for the 
same years in (he \J. K. were Rs; 5-6 and 
Rs. 6-7 respectively. fhis brings into pro- 
minence (he urgency for the production of 
this essential fertilizer in India. 

Ammonium Sulphate as Fertilizer 

Aminoniiim sulphate is probably flie 
most ext(*nsively used inorganic nitrogenous 
fertilizer. In the soil, it reacts with clay and 
humus, forming an insoluble amnioninm 
complex. Ammonia in the c omplex is then 
ecjnvrrted into nilrie acid by bacterial 
action during 7-10 days, and the lattcT 
presumably forms calcium nitrate by re- 
acting with calcium carbonate. Hence, 
ammonium sulphate tends to make the soil 
acidic due lo removal of calcium carbonate. 
'Fliis tlefect may be oxercorne by giving a 
dressing of lime. 

Ammonium sulphate is usually applied to 
the soil at the rate cjf 1-2 cwt. per acre, 
often with a suitable proportion of super- 
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pliosplialc, and in llic l asr, ol’ sonu! crops, 
also used along with potassium snlpliatc. 
It acts very well when used in eoinlnnation 
with organic manures, which improve the*, 
texture of the '■oil. It is p.ot so easily leaclicd 
out as sodium nilral<\ and henc(‘ it 
gives better results in regions <A' heavy 
rainfall. 

According to Kus.sell A Student's r>o<vk 
on Soils and Nfanures, ifMf), i^D.b 
crease in yield per c wt. of ammonium 
sul|)laate ])crac re, in the jn'esence ofsullicient 
phosphate and potash is : wlieat (grains), 
yJlo lb.; barley, lb. ; hay, 4-() <*wt. ; 
and polat(H‘S, -jo < wt. d'he fei tili/er is e.s- 
pecially valuable f'oi- potatoes, bailey and 
grass. In th(‘ case of |)otatocs, since thc‘ 
tendency to soil acidity doe.s not injure tin: 
crop, tin* fertilizer mav be usi'd np to | c.r 
more ewt. per acre. 

In some expi'iinu ius in India, one mauiul 
of ammonium s.ilphate, in addition to 
normal light manuring, gave the following 
arlditional yii'Ids [)(‘r aeri* : sugar l aiie, f,f) ; 
potatoes, If) ; h'al’ tobaecr>, i.J ; lea, i ; 
paddy, 4.5 ; wheat, ; seed eotton, i.(i 
maunds (Russell, Rep. Woik Imp. (loim. 
Agrie. Res. Sei. (‘.n»p Ih’oduelioii fndia. 

‘937. r/O- 

III India, aiiuiUMiiuni .sid|)liaU' i.s used 
principally for pad«ly, wlical, .su^airanc, 
and some of tlu; jjiaulalioii crops. The 
dosage varies from i-f, md. per aerc tic- 
pending upon the eroj), ihc soil and the 
climate, {vide Burns, Teeli. Possibilities Agrie. 
Develop. India, t9.u ; and Madras agrie. 
J., 1944, 32, 47 and 83). The fertilizer is 
generally applied either at .sowing lime or 
before trausplanling seedlings, lialer ap- 
plications have not been bentTieial except 
in the case of irrigated cotton in the 
Punjab. 

• 

A review of recent investigations on the 
application of fertilizers to crops in India 
has been included in a report by Stewart 


on ‘Soil Fertility Investigations in India 
with special rel’ciTiue to manuring’ (h)I7, 

I i7-if)(>). Fxteiiyive cx})cnmeiils havt* beim 
cairii'd out with amrnouuirn sulphaU'. In 
the ease of rice, the iiiereasi* in yield ranges 
from i;5'7o per rent, for dosages \ar\ing 
from If, -bo lb. ofN pi’r aere. 'riic: resj^onsi' 
to the adilition of snperp!i()s|)lial(* is not 
much. According ro Hums {/oc. dt.^ 5;}), 
the iiicivasi! in yi(‘Id per md. of ammonium 
snlplialt* varied from ?.()<) md. of |)addv in 
the, Punjab to a ..\‘2 mil. in Madras, tli(‘ 
average. inen*ase for Iinlia beiny ]. 
md. (g7r) lb.) of grain and 7.^(1 md. if, 01 
11>.) of straw. 'Fo obtain any tangilile 
improvement, a minimum do.se of go lb. 
i\ per acre appi'ars to be ueces'-ai y, and 
where th(‘ average level of fiTtilily is high 
ill olhia* resjuTls, it may be increaseil to 
()()-t]o lb. N ]^(‘r acre in certain eiMilis's 
•Stmvarl, lor. cit.^ *f)b). 

In the ease of wheat, the inereasi* in yield 
vaties with soil, eliniale, and agrieulliual 
eondilious. In Bihar, whine the soil is 
(lefieient in ])hospiia!('s, a combination of 
ainmoniiim sul[)hate with pliosjihatc gave a 
lielter respoii.se, whiles in the IJ. P. tin* elli'et 
of adding phosphates was not so elear. (ien- 
eralh, a comliinalion of organic anil inor- 
ganic N, or a combinalion of N and |)hos- 
pluaus have a btUter response than any of 
them applied singly. Aeeording tf> Burns 
\loc, r//., (>o\ the use, of i i-g md. of ammo- 
nium sulphate ])('r aerc n\sulled in an average 
increase of g.l-g md. (goo-gf,o lb.) of 
grain per md. of fin tilizm'. 

For sugareaue, nitrogenous manuring is a 
iieeessiiy throiighoiit India, while |)hos- 
phatie and [xHassie. Icrtilizcrs have proven! 
advantageous only in a few places. T’he 
oplinmni do.sage varies from Go-ggf, lb. 
of N per arre in diflerent parts of the eoimtry, 
and it is much lower in the Indo-Chmgetic 
alluvium than in the peninsula. 'I'lic best 
results, from the point of view of both 
tonnage and quality of juice, are obttiined 
when ammonium sulphate is used in eoin- 
bination with organie manures. 
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HAKVliSl DATA AT SO>Jt SI A'I lON.s* 
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( irounclnuts gave an average increase «»!' 
12 Ib. of nuts per acre per one lb. of N 
(Stewart, loc. tit., Since the crop 

makes a large dcmancl on soil p<)ta.sh, the 
addition of potasli to aminoninm sulpliate 
gives enhanced yield. Jn the case of irri- 
gated groun<lmits, Nicifos 1 X, i^.f, ; 


P,Oj„ 40.1"/,,) and Nicifos II (N, 17. 5 ; 
P,. 0 ,.. 1 7 . 57 <.) gave striking response. 

In regions of moderate rainfall (about 
38.0 inchcr), the incrca.se in yield of cotton 
per acre, when 125 lb. of ammonium sul- 
phate were applied, w’as about 60 lb. in 
jjooi soils, aiui pG lb. in fertile soils. The 
eflect of fertilizers on potatoes is most 
marked, and it is quite possible that pro- 
duction on e.visting acreage can be at least 
iloubled 'Burns, /oc. cit.). Tobacco is 
another crop to which ammonium .sulphate 
is very beneficial. .Among garden crops, 
chillies and cabbage respond satisfactorily 
to this fertilizer (vide Rep. Tariff Bd. Heavy 
('hem. Industry. 1929, 122-124). 

In general, iheic is a uuivei.sal responsi* 
of crops to nitrogen, a conditional re.sponse 
to phosphate and a general absence of res- 
fjonsc to potash. In the case of certain 
crops, a phosphate, .supplement to nitrogen 
in particular areas has given striking in- 
creases in vi»‘ld. 
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'I'he customs duty on ammonia is 
ad valorem ; and on ammonium carbonate, 
ammonium chloride etc., it is 36"/., ad 
valorem ; the preference rat<; for niaferials 
from the U. K. being a 47 o- Imports of 
ammonium salts used as fertilizers are 
duty free. 

ANTIMONY 

Antimony {^sp. gr., G.72-b.8b ; H., 3.0- 
3,5 ; m. p., 630") is a lustrous white metal 
with a bluLsh tinge and it is extremely 
brittle. It expands on solidification and 
this property is also .shown by its alloys, t<* 
which, in addition, it imparts hardnc.ss. 

The pure metal finds very little applica- 
tion. Antimony black, tin; precipitated 
metal, is used for bi’onzing metals and for 
giving the appearance of polished steel to 
|X)ttcry-war<-. The largest use. of the metal, 
however, is in the preparation of c.<*rtaiu 
<‘xtremely valuable alloys. Type metals 
are essentially alloys of lead, antimony (a- 
•23 per cent.), and tin. Tlu^ addition of 
antimony hardens the alloy and the .slight 
expansion on solidification gives rise to 
perfect imjjressions. White metals (bear- 
ing metals) <‘ontain varying pro])ortions (*f 
antimony per cent.), tin, lead ami 

copper. Hard antimonial lead, a by-pro- 
duct of lead smelting works, has a higher 
melting point than pure lead. 1 1 is employed 
in the making of bullet;;, shrapnel, etc. 
Indian ordnaiua* factories are rcport<;d to 
c.onsume about 70 tons of antimony per 
annum (Thomas, Rep. Metall. I'ingiig. In- 
dustr., 1941, -O)- ■gi’iifl*'- antimonial 

lead (Sb, 4-1 '2 per cent.) is extensively 
used in the manufacture of storage battery 
])lates. Antimony7lcad alloys find nu- 
merptis applications ; in the |)reparation of 
collapsible tubes, lead foil, lead pipes, 
traps, etc. Lead containing i per cent, 
antimony is used for cable coverings. Bri- 
tannia metal, an alloy of tin, antimony and 
< oppcr, is used for making cheap tableware. 
It is noteworthy that antimoin used in 
most of these .alloys is not lost, but is r»-- 


covered and used again. The. consuin])iioii 
of antimony in the H. K. in ip-jO wa.s 
/j,6oo tons, while that of zinc was aiG,oo(i 
toas, and of lead. 103. V'O tons .('hem. Tr. 
19.17, 17 ‘’ - 

.\ntiinony wliiti' iSbT).,), obtained 
during the roasting of antimony ores, is 
used as a white pigment, and as an in- 
gredient of enamels. 'I’he Irisulphide, when 
freshly precipitated, is orange-red, but on 
hiring heated to joo' if turns black. The 
black .sulphide as well as the antimony 
sulphide licjuated from the ore are used in 
match manufacture and in lire-works. 
Native antimony sulphide, after jjurilication, 
is used in veterinary practice as a paiasiti- 
eidc f .Mart indale. The Kxtra Pharmaco- 
poeia, 1, 1941, 19');. The golden antimony 
sulphide, which has a higher proportion ol' 
sulphur, is used as a rnbl>er pigment. 
.\ntimony sulphide is also used in the charge 
of some shells for range finding, as it ju’o- 
duccs a dense white smoke 011 explosion. 
Tartar emetic ^potassium .mtimoiiyl tar- 
trate) is used in medicine and as a mordant. 
Some organic coinpounds containing anti- 
mony, sueli as urea stibamine of Brahma- 
chari, are efii*rtive in the treatment of 
kala-a/.av. 

file rarilf Board .Rep. .Vntinionv In- 
ilustry, 19|G) places the ilemaml in the 
near future at about 300 tons per annum, 
distributed thus: type-metals, pi; anti- 
frietion bearing metal, : storagi; batteries. 
If, ; munitions, f, ; mi.seellamroiis drugs, 
ehemicals, lire-resistant paints, solders, 
electrical cables, to\s, ele.i, lo ; safetv 
luatehes (einile antimony', ", percent. 

.Some antiinon} metal ,.J.7f, ions, is 
reporttxl to have been produced in .\Iysoic 
during the years 17-19 Rama Rao, (hiarl. 
J. fieol. Soc. India. 19.|'.>, 14, 173'. Beilne tin- 
last War, Najiier Paint \Voi-ks used to pro- 
duce small c|uantities of antimony a I OaK (iii.i 
from ore.s of Bnrme.se origin, and duiiiig 
the War, the Star Mttal Reiinery, Bombas, 
set up a smelter at \ iklirrtli for exploiting 
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Uic iintiinony deposits found :it Shagor in 
(^liitral Slate. 

I’Ik' (lliitral on* eonlaiiis 30-40 per cent, 
ofanliinony and Irace.s of leatl and copper, 
but no arsenic. It is crnslied to tin* sl/c of 
walnuts and concentrated l)y liquation at 
•)5o-bf,o'’ when antimony snli)hide melts 
and separatt.s IVoin lh(‘ tjangue. The 
li(|ua!ed auliinony ( rude usually contains 
Sb, 71 pi'i* cent. For (("inversion *nto the 
metal, it is mixed with mild steid scrap 
borini's and soda ash. and heated in a 
revel beratery furiKHa' when iron combines 
with snlphnr and lilnaates aiiliinoiiy. The 
‘ sinede ’ metal thus obtained consists of 
al.)()ut().> p(‘re(*nt. of antimony with a small 
amount ol' iiYui. 'Tin' liquatinj^ residues 
(ontain rj-L?o I'iCr eeiit. of antimony. 
On roa UiiiLC, nu^st of it is recovered in the 
I'oiin of the volatili' oxide, Sb.X),. This, 
wiu'ii mixiYl with eoke and roasted at about 
.|()o' in a reverberatory fnrna.ce, is reduced 
to the ' single ' metal. The lathT is re- 
lim'd by treaiiiirf it, in tin* molten state, 
with (alcnlated c|nanlili(^s of antimony 
‘ crude riie r(‘lin(Ml m(?lal is 99 pei cent. 
pniY'. 

I’lMde ( nstoin demands that aiiliniony 
ingots should sliow a leni-like stnictun^ on 
the surface. This ellect is achieved by 
pouriiit* tli(* metal into moulds w^hich roii- 
taiii a special sla<» mixture with a melting 
point low(‘r than that of the metal. During 
cooling, it allows the I’ormation of eiystals 
on tlie smliiee ol' the ingots, from which it 
is later chipped olf ^Selnvarz, Antimony 
Smelting, 19 jf)- 

Th(' Star Metal Refinery commenced 
op(*rati()iis in \\\ and their production in 
tons was /)!) in ’qr, ir^b in '42, 130 in ’43, 

I (35 in ’44, and 157 in '45. 

I'lie cost of Chitral ore at the works in 
Bombay was Rs. 510 per ton in ’46. Of 
iliis, Rs. 300 wYis merely the cost of trans- 
[)orting the ore from the mine to the rail- 
head at Diirgai. The firm is planning to 


mechanise mining operations and to reduce 
the bulk of tlie ore by installing a flotation 
plant to concentrate the ore to 71 per cent, 
piior to transporting it. When these im- 
provements matc'rialise (after ’4?$), the cost 
of the 01c per ewt. of antimony (abeait 5 
cwt. of Chitral ore) is expected to come 
down from Rs. (1946) to Rs. 48.0 

(Rep. Indian Tariff Bel., loc. df.). 

Before tin; War, thcr price of Chinese 
antimony in India was about Rs. 42 per 
cAvt. as against Rs. 70-75 per cwt. of 
English antimony b(*Uveen ’35 and ’38. 
The war time! laruled cost of I he latter ranged 
from Rs. 1 00-115 cw't., and imports 
(luring this periocl were 200 tons in ’43, 
150 tons ill ’44, and 125 tons in Vj.!). 

'Flic cost of ])roduction p(n' ew t. of anti- 
mony irt India, including a prolit of 10 
j)er cent., was Rs. 223.50 in ’42-43 ; 
Rs. 3 C)i. 25 in ’43-44 ; and Rs. 289.00 in 
’44-4.5 ; and tlu'. I'air selling price in 194.6 
was estimated lobe Rs. 215 per ewt. Tims, 
there is at pres(!nt a gnial disparity in the 
prices of locally produced anliniony and 
iinpoiK'd antimony. In or(l<*r to safeguaid 
the interests of both the producers and the 
consumers, the TarilF Board has v(*commen(l- 
ed rli(! li-Kiiig of the selling price cT antimony 
at Rs. 150 pt;r cwt. and a s[)crific duty of 
Rs. 60 per cw 4 . on imports, and a subsidy 
of Rs. 40 per cwt. for the indigenous pro- 
duct ujj to the end of ’48, when the Star 
Metal Refinery is cxjiec.ted to be able to 
produce antimony at about Rs. 90 per 
ewt. 

ARMS, ARMAMENTS AND 
AMMUNITION 

There were six Ordnance factories in 
India, before World War II : the Metal and 
Steel Factory and the Rifle Factory at 
Ishaporc, the Gun and Shell Factory at 
Cossipoie, the Gun Carriage Factory at 
Jubbulporc, the Cordite Factory at Arii- 
vankadu (Nilgiris), and the Ammunition 
Factor)- at Kirki. Of these, the Metal and 
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Steel Factory was mainly engaged in tla* 
production of alloy steels and other metals 
for various arms and ammunition compo- 
nents, and in the rnanuracture of artillery 
cartridge cases. 'I'hc Rifle Factory was 
producing rifles and their cornjioneuts, bayo- 
nets and machine gun components, and 
carrying out repair of macliine guns, wlille 
the Gun and Shell Factory was producing 
guns, howitzers and tlieii components. 'Fhe 
latter factory was also making shell, fuses, 
primers and miscellaneous stores. The Gun 
Carriage Factory was manufacturiug artil- 
lery earriagers and vehicles, general service 
wagons, transport carts and various mis- 
cellaneous articles. The manufacture or 
handling of explosives for annminition was 
restricted to the Amnumitioii F.actory, and 
the (iordile Factory. y\rnis and arnmuni- 
lion foi civil ]nirposes used to be entirely 
import(‘d. 

The Indian arms and ammunition in- 
dustry was eousideral)ly reorganized and 
greatly ex|)a!ided under five production- 
drive plans : the Chatfield plan, Post- 
Chatficld plan, Kaslerii Grou]) plan, 'Trans- 
phuitation plan and the Ordnance factory 
expansion j)lan. The first plan, involving a 
capital expenditure of Rs. 7 erv)res borne 
by the Jiritish Government, was devoted to 
the expansion and modernisation of existing 
Ordnance factories. 'Fhis led to an cx- 
[)ansion in output by about 25 per cent., 
and the maiuifaeturc of a wider range of 
arms and ammunition. 'Fhe establishment 
of the High Explosives Factory at Kirki and 
the Toluene Recovery Plant at Jamshedpur 
were also new developments uudta' this 
plan. The second plan was aimed at 
doubling the production of small arms and 
small arms ammunition, by expansion of the 
Cordite Factory, the Metal and Steel 
Factory and the Ammunition Factory. 
Under the Eastern Group plan, which re- 
sulted from the deliberations of the Eastern 
Group Supply Conference, and the Roger 
Mission, 21 new jirqjccts estimated to cost 
Rs. iberores were sanctioned. These includ- 
ed manufacture of alloy slcclr for guns and 


small arms, of gun tbrgings, baycuicis, liglii 
machine guns, gun carriages, shell liises, 
artillery eartiidgi' i:ases, fust's for [Gi lmers, 
and high cxplosivis. ()f tlu'se, ip werr 
Orduanee factory i^rojtx ls, involving the 
ereetion (»f R new ftit torit s, the reetnulitiou- 
ing of one faeloiy, as well as tlu* (‘xp:ui- 
sion of Ordnanci! fai toiies, and eonver- 
sioii of two railway workslu^ps Ibr arma- 
ment production. MTa* Trans]>laiilalIon plan 
involved the removal of factories planiK'd 
in licngal under llu‘ |)rcvi<nis plans to safer 
places, the constriiclion of li\(' new Ord- 
nanta' factorit's, and llie expaiisioii of 1w«» 
of the factories inider the l^.istt'rn (doup 
plan. 'Phe last plan c‘iivisaged llic eom- 
t^lelion of i;} new projet (s, including tlu>s(‘ 
for the maintenanee of imported ariilh'i\ 
equipment and aircraft insiriimenis, and 
the* prodncliou of paekagt's and rtspiialors. 
'The new' Ordnance 1‘aeloiies wt'ie loeatetl at 
Mnradnagar, Katni, Ambarnath, Khainaria, 
Eiieknow, Amritsar and 1 lydei cd>ail 
(Deccan). The IJreii (iun Factory at 
Hyderabad and the factories at Eneknow 
and Amritsar have leieiitly closed flown 
as Orduanee factories, wliile that at 
Khaniaria is being maintained. 

Besides Ordnance liu toiies, three lailway 
workshops were switched over to armament 
production, and they ])rodne<*d |.",-inch 
how'ilzet and 25-pdr. slu ll forgings. X'arioiis 
civil workshops iiu hiding those of tlie jute 
mill industry W'cre also cngageil in the mann- 
faclure of ammunition parts. .\t the 
peak period of the* War, the l)irectf>r-(h'ueral 
of Munitions Proiluction was utilising about 
1^500 engineeiing workshops Ibr the 
production of ammunition components. 

The most important raw material fta the 
manufacture of guns, lillcs and rn.ichine 
guns is alloy steel. Previously, onlv the 
Ishaporc Metal and Steel Fa(toi\ was 
producing alloy steel to different spcf ilu a- 
lions for shell forgings, cartridgf* casf's, etc. 
During the War, the ’1 atas di'vclopf'd new 
alloys, such as, .steel bars for ])roihictiou ol 
i8-pdr. and 2f)-pdr. armour pien ing sliells, 
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high carbon siccl for liigh explosive slurll, 
tor guns of various calibre', chromc-niolyb- 
clenum alloy steel l)ars for niaiuifacture of 
shot, special deep drawing quality steel for 
cartridge eases, steel bars for manufacture 
of hammers for fuses, higli sijl[)hur steel 
bars for manufacture of nosc^ containers 
for high explosive aireraft bombs, etc. 

Prior lo World War I, imported 
walnut {J Kalians trivia) was used I'or rille 
work. Allliough Kashmir walnul is lighter 
in weight and somewhat weaker than Euro- 
pean and American walnut, it has now 
been accepted as approved timber for rille 
work. It ean be worked lo a line finish on 
high speed eulling and drilling machines, 
and is very steady. Also seasoned timber is 
not liable to excessive shrinking, sw'clHng, 
w'ar])iiig or splitting (IVotter, iph], '222). 
On account of the shortage of snpiily from 
Kashmir, walnut from othe r areas was also 
aeec'pted. Himalayan maple {Acer pkitnn) 
and bird elierrs [ i^nuuis padus) were also 
used for rifle work. 'I \vo more timbers, 
hala {Morns Incvigaia) and amoora {AT}wora 
rvaUichii) were recommended as substitutes 
during die War (Indian P'nr. I.cafLKo. 50, 

During World War II, the manufacture' 
eif armoured vehicles was undertaken at 
the E. I. Ry. Workshops, Tatanagar, 
Bengal Assam Ry. Workshops, Kanchra- 
para, Indian Standard Wagon Co., Burn- 
pore and the Port Commissioners’ Work- 
shops, Calentla. In addition, some 150- 
200 linns were engagexl in the manufacture 
of various components, such 'as, pannier 
components, rille biackels and clips, ma- 
chine gnn brackets and clips, water tanks, 
hot food containers, equipment lockers and 
ammunition boxes. 

Chassis and bullet-proof steel were re- 
quired to build armoured vehicles. The 
former were imported from Canada, lii 
the initial stages, the latter also had to be 
imported, but subsequently Tata? developed 
the production of various alloy steel?. These 


included bullet-piejof armour plates varying 
ill tliickncss from 14-40 mm., for the fabrica- 
tion of armoured fighting vehicles, bullet- 
proof rivet bars for rivets, bullet-proof plate 
for howitzer shields and gun turrets, 
proof plates up to 80 mm. thickness of 
special alloy steel, for testing armour piercing 
.shot, composite plates to w^ithstaiid the athack 
of 2-pdr. shot, special austenitic steel for 
welding electrodes, nickel steel plates for gun 
carriage mountings, and special Cjuality 
steel lor rille and machine-gun magazines. 

'riirce classes of armoured vehicles were 
manufactured during tlu' War : {a) the 
armouri'il carri(*r, a wheeled vehicle on a 
Ford chassis with an open tyix* body, and 
about 2! tons of armour, [h) the armoured 
car, of a somewliat heavier body, closed 
with a revolving liirret mounted on the 
top, and (c) armoured general purpose 
vehicle, also a whceli'd vehicle on Ford 
chassis, tlu* body being rectangular, and 
covered with about 2^. tons ol* armour. 
The nianiifaetiire of spare i)arls for bodies 
and equipnurnt for maintenance of vehicles 
W'as expanded. Between ’41 and Aug. 
’.jf), India produced 3,514 water tankers and 
unarinoured vehicles, and 8,254 carriers, 
armoured ears, etc. (Com merer' Dep., 
Statist. India’s War Elforl, 15)47, 9). 

The manufacture consists mainly in 
mounting armoured bodies on chassis. For 
this ])urpose, steel is cut into required 
forms and sizes and then assembled into 
bodies. The first vehicle lo be designed and 
put into production was Mark I Carrier 
based on a standard V-8 Ford chassis fitted 
wdtli a special front axle unit, radiator, and 
petrol tank, and the body was armoured 
with G mm. plate. Subsequently an im- 
proved type, Mark II Carrier, was manu- 
factured with a rear engine Ford chassis, 
having loi-inch wheel base and four- 
wheel drive ; minimum thickness of the 
armour on its body was 14 mm. 

Ammunition includes pojcctiles used with 
rifles and similar weapons, propellants, fus- 
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cs, cartridges and ignition devices for them. 
Before the War, the Ammunition Factory 
at Kirki was producing ammunition for 
small arms and pistols, and also Riling shells, 
fuses and primers, and the Cordite Factory 
at Aruvankadu was manufacturing cordite, 
gun cotton and cannon cartridges. Three 
new shell-forging presses were installed at 
one Ordnance factory, and this enabled the 
production of finishetl cavity forgings for 
special types of high explosive shells, includ- 
ing 25-pdr., 3.7-inch anti-aircraft and 3.7- 
inch howitzers. Under the Post-Chatiicld 
plan and the Kastern group plan, sclf- 
suflicicncy was attained in the manufacture 
of high explosives, T. N. T. and Composi- 
tion Exploding. 

Tlic main items of animunilion |)roduccd 
during the War were shells and mortar 
bombs, fuses and other components, gre- 
nades and bombs, mines, depth-charge.s, 
various types of small arms ammunition, 
anti-tank mines, anti-iX‘rsonnel mines, 
smoke generators, explosive .shells, tail 
units for bombs, container.s, etc. Crenade.s, 
mines, and bombs were not made in India 
before tin- War. 

The inanufaeture ol empty slicll litrmed 
an important ]>art of war work. besides 
Ordnance factories, various railway w'ork- 
shoi).s and others maintained a constani. 
output of m.-iny components ol projectiles, 
rile prodnetuni of /] .5-inch howitzers and 
2f)-pdr. projectiles was established in rail- 
way worksliopr and orders were placed with 
them for no less than 137 ilem.s, normally 
tnanufaclnretl in Ordnance factor'cs, sonu- 
of the new item.« being empty .shell, empty 
grenades, fii.ses, mine.s, <^tc. Tin; (Jeneral 
Xlotors Ltd., Bombay, were making, on a 
mass production scale, shell of various 
(Uilibre, and fuses for shell and mines. The 
Aluininium Manufacturing Co. manurae- 
Inrcd huge quantities of eartriilge eonlainers 
and fases, the latter being made of zine 
base alloys by pressure die-eastiiig. Mes is. 
Kumardhubi Kngincering Works were tin* 
pioneers in bomb manniactnn* ami their 


production stat ted in June, ’41. The month- 
ly output at first was only a few hundred 
3-inch bombs, which rose to 20,000 bombs 
in ten months. They w'cre also making 
bombs of high calibre, such as, 250 and 
500-pdr. for the air force. Railway work- 
shops and several engineering firms' were 
also cquip[)cd for bomb manid'aelnre. 

Propellants such as conlite, aiid its ingre- 
dients (gun cotton, nitroglycerine, etc.) are 
manufactured at Aruvankadu, and high ex- 
plosives, such as, ammonium nitrate arnl T. 
N.T. at the High Kxplo.sives Factory. Filling 
is mainly done at the amnnmition faetories. 

I’he mauuractnrc of aninnniition is a 
eomplieated operation requiring «*xai-(ing 
workrnanshi[) and precision. Shell must he 
machined to high toleranei-s, and fuses are 
often extremely intricate. .‘Miout 57.} 
operations are involved in tlie rnaiuiracture 
of a complete round of 3.7-ineh anti-aircraft 
ammunition, and fig to produce a shell ; and 
to produce; a cartridge, f,.]. operations ri’lu* 
Canada Year Book, iqj."), 3l)7.^ 

.Annminition is (inished witli paints and 
lacquers belbre being packi-d in containers. 
Ammunition boxi s .ire generally made ol 
Burma teak. I'lie timber .should be siiHi- 
oiently strong and not liable to shrink or 
expand too nmeli with changes in atmos- 
pheric coiulilion. During tin* W.ir, due to 
tin; stop|)age ol sujj|)l\, Indian teak u.is 
employed ; ifjiroperly sca.soiied, it is as good 
.IS Burma teak. I'’ir {.Ihia piinlrua'j and 
spruce \ Pill'll spp.) are suitable for iB-pdr. 
and [.y-iueh howitzer .luumuiitiou l)o.\..'s. 
lliesi* lw«> may also be used Uu’ packing 
small arms .-immuniliou. il‘ slightly ihickn 
planks are used. Kihi-seas(»ned siihn was 
u.setl for all kinds ofammimilion boxes. Kiln- 
seasoned mango also was louud suitable 
' liiilinii Foi. f,rajl.. Nos. 3 and p i<(|t . 

Manulacture ol stune of the stores dc\c- 
loped eonsideraldy : rilh-s, 1 1 limes, bayo- 
nets, limes ; small .inns anunnnition, | 
times ; gnu eariiages. .’o times ; gnu and 
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mortar aimmmilion, 35 times the pre-war 
output. Ill addition to these, India pro- 
duced a number of other ammunition items 
not produced before ihe War, ranging; 
from small arms to big guns including 
grenades, mines, bombs, anii-aircraft and 
anti-tank shell and pyroleclmic stores. 
Among Ihe more important items of arma- 
ment stcres produced wer(‘ (i-pdr. gun 
4 arriages, tiipods for light maeliiiu* gun, 

• 114 t I 1 l«ll 1 . 

'The value of munitions proilueed in 
India during to Oct., ‘ jf) amounted to 
about Rs. i;d erores fAggarunl, Hist. 
Supply l)ep., 1017-. ihh.. 


a\ kra(;k annual iaiporis oi arms 

INTO BRITISH INDIA 


i;ln thoiisiiiKis; 


in (|ii.iL(|iicriniiiiii 

III 


Firearms aiul 
parts ihrrcr)!' 


Fireariiis 
(Govt. I 
account) I 


Parts 

of 

tire- 

arms 


No. Rs. Rs. Rs. 


! ■ I 
0-7 


! ' lo'i?) ! 

r>.r)4-« . I,47-9 1 F' 

i.'Ti. I i •• 


Yf.iv 


(Sept. -Mar. 
* 10-4 I 

*11-4'.! 

l.'p'II 

I'M.'-. 

(A|)r.-Aut!.| 




OF ARMS A\l) AMMl’M I ION JN INDIA* 


Small aims 
(No.' 


Arlilliay 
t qiiipmcMil 


Artillcrv 
ammimition 
I Rounds) 


Morlar 
aniiiiuiiilion, 
urcjiadrs and 
mines (No.) 


Small arms 
ariiinuiiitioii 
LMillion 
rounds' 


R. 

bombs 

(L 


A. 1’. 
:*-y) lb. 
P. 



b7 

liFj.l;.) 

p:5,oin 

_»(ll» 

1 ' 7«77 « 

1 1 




]t>d 



H ;• 

‘•97-ia2.i 


« :j7^-» 

•- 474 . 19-’ 


b'i 1- 

9^7.^’- 1 



R,72l’>,i>5;’, 



/ / 




. . 


J y 



•J04 

stVi 

' . 4 sil,;i 9 :i 

I ro 

878 


b 

‘ ■ - 


p8o 



* (1(1111111. Oi’p.. Iff. til., r.itOi’s ti \ n. 


\\M At. I.MfOklN OV 

i\ u) !ti<i j i\!»r\ 

ill 'Il'MIS, 'Mills 




SllIM 1 

1 .M Iri'l'M 

miM 

Killt .'ind nilio:- 
i Mi li ii!i;i s 


• 



k . 

\... 


Nm. k-. 

1 it (jM'.M(|lli'illMlM1l 

1 

1 1 /iT '-' 



•I M 

1 

■ ! ; 

n- 

• 1 ( 1 : ; 


Kijk. 1 

niq 

V‘7a)' 171 

III ’-11 

ir.-- 

I 

!J|M 

r-; !•'■ 

‘'“'l 


•. f. 

ifi.. 


o*.J7-7 

•■,10 At 


1 


AVi.UAta A\.\i Ai. iMi'okis ()j'(a;.N pow Diai and 
I \rF.()S[\ I S i.vK) rmrijsi! i.ndiv 

fill thmivaiiclM 



Oim j;ii\v(lfF 

(inn |)ii 

iWfliT 

nj;isliri]Gr 

d\ 


It! -(!. 

'sil|f>k.|- 

1. 

V^ lalitv i!> n i 


1.1). k-:. 

Lit. 

ks. 

mite, tlt'ldii.t- 
Ittrs, «'l( . 

ks. 

Til quin(|i!' niiiiiiii 

ondincf * »:{ . 

1 

.V»'» .17-4 

1 l.q 

r;.'j 


•• * 1 r Vt • • 

'4-4 »-!a| 

■J.l 

n-") 


In "iv p, .. 

i».l> '.M.; 


0-7 

jt)I(V« 

.. }li.. 

1 

0 { 

2li. I 

\v \27 :• 


In addition to the above, huge imports 
(»f arms and ammunitions were made inl(» 
India under the .American Lease-TiCnd 
.\ccoiml. 
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ASBESTOS-GFMENT 

Asbcslos-ccment prodiirls arr iiiiKU: IVoin 
a mixture of librisecl asbc'slos « if)-‘20 pci 
c'cnt.) and ccnicnl, to \vhi< h is added a 
small (iiiaiitity of bondinj:^ material like 
sodium silicate. During manufactmc, as- 
bestos fibres ae(|uire a unifoirn eoaiing of 
fine reinciit ]>arlicles and give slrengdi and 
lightness to the finished prodiicL Asbeslfis 
sheets are built up in specialK dc'^igm'd 
rolling' mills, in the form cf thin layers of 
asbestos ami cement wliieli adhere tirmly 
to each other. After reaching maturity, 
they' aic found to possess considerabli' 
toughness and Ilexibility, and do not show 
any' stratification and lamination. In tlie 
manufacture of roofing slati^s, tln‘ slu’Cts ar(‘ 
subjected to high p/essin*(‘s, to remove air 
bubbles and (‘xeessive moisture, rut to si/(‘, 
and ( ured for s(‘\eral days in a steaming 
(hamber. 

The Asbr'slos (lemenl lad. paid-up 
capital, Ks. .11.5 lakhs) are the only pro- 
ducers of asbestos-c ement goods in India. 
Their fac tory at. Kymore P.i, with a 
capacity of about: 1,^00 tons per nionih, 
started production in Owing 10 iii- 

ereasing demands of the* building inclustiy 
near j)orl towns, the company cstaVdished 
two more factories, one at Jiombay and tire, 
other at Calcutta. The latter started pro- 
duction after the outbreak of the last War. 
The eombiiicd production capacity of liu- 
ihrec factories is (),f)00 tons per month, and 
during the War, 75 per cent, of their output 
was taken up by the Government. It is 
expected that now their entire ])roductiou 
W'ill be available for civilian use. In ’43, the 
three factories used to employ about ‘j,f|Oo 
labourers. 

'Flic most important asbestos-ccmciii 
l)roducts are : plain and corrugated sheets 
lor roofing and partitions, rain-water pipes, 
drains and gutters, flue goods, etc. These 
<ire manufactured in India and arc in 
considerable demand. Special products, 
^uch as pressure pipes, brake and ehitch 


linings, decorative slici:is, and elnaricai 
insulating materials are imported. AsbesiiK 
Gcmt*nt lad. are also tiu! chi(‘f im[)ort<a‘s. 

(Icancnt of Indian inanufaciiirc .suiniblc 
fur this industry is rt'adil/ available. Iiuliaii 
ashi'stns \viui h l)clonf\> mostly tv.) the (re- 
molilc ;iini aclinolile spcrie.s ef .Muphiboli- 
asbestos yields Jibres wlii(’h are weak and 
l)‘'iule. Asbestos CJenuaii la'd. Iiave e\- 
amined s|)e< inu p.s mined in c.rci 

parts ot India and found th.il they i .muni 
yiclil p)vK!iats ul ihio (|‘Mlity \\l»i«. h ihr\ 
maimlael ill ** [rit/i' alsi), i\t\sorc (ieol. Dcp.. 
Po]). Studies No. Ki islinac'har, Not*' 
pr»ssibilitii‘ ; nifg. .i.vliest* ..s-cemi'ut Mysuif, 
H)J3;. I lu' xMysore Asl)est<;s Product > Ltd. 
was bl( inliug i loloNai asi|)nr asbr-.stos (tre- 
luolite ami anlho|)hy llllc) with impoited 
Gaiiadi.m i lnysotile .isl)cs(io; lin* the mami- 
laeturc of inill-boartK*. fliis (loinj^air. 
went int('# lirpiidatioii in ’ \ 

d he iiupoits ol asl.M''.lo:. which wci'- 
m*gljgil)le Ix'I'ore ’.SiLiD have MS(‘n sliadiK 
with the developiruMil of the :»rli\ilies oi' 
ihc! Ashestos (a-im iit Ltd. who are (he t hief 
consiiima’s ofimported asbestos. hn|)c)rls in 
well* 7;;,2oocwt.\ahieilat Rs. 7 lakhs, 
and in ’ l 1 - 15 , ' 2 \ 1,000 c.wt. valued at ne.irly 
Rs. i.|. lakhs. Goirespoiidingly, there has 
been a derliue in the import of asbestos- 
ceincnt goods into India. Imports which 
were 3,779 tons in ’34-33 declined to 3,'.>3l 
tons in .37-3R, and I*) only 3 .|l’ tons in 

'n-r*- 
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During the quinquciniiiimendiiig 
supplies were principally from (hr IJ. K. 
{33 Belgium (32 jxrr r<>nt.', 

an<l Yugoslavia (20 ])er ernt.\ 
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ATROPINE 

Atropine CivUjsOjN, is the most im- 
portant alkaloid obtainable from several 
species belonging (o various genera in the 
family, Solmftceae. Probably it docs not 
occur as sticli in plants except in traces, 
but is formed by the racemisation of its 
laevo-isomcr, hyoscyaminc, during the pro- 
cess of extraction. The chief commercial 
sources of hyoscyamine, and hence ol 
atropine, are Atropu helhidonna. Datura si ram- 
monium and Iljostyamus mutiais. The last 
one known also as Egyptian henbane is the 
richest source of hyoscyaminc. Scopnlia 
carnhlica Jacfi. also contains up to o.(j per 
cent, of hyoscyamine. 
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*l)nis»on, A 'iVxtliook of Pli.Trin:if'o)i(iiosy, i<)|a : 

' I'n asc, A 'I’r.xlljt.Mik of IMuinn.ico^noiiy, 

It is reported that the roots of Indian 
l)clladoriua {Alropa acuminata) are now being 
used I’or the pioduction of atropine in 
Kashmir. Ilyvscyamus mulicush found grow- 
ing in patches in ^Vcst Punjab, llaluchistan 
and Western Sind, but its quality is poor. 
Attempts to prepare atropine from the leaves 
of Datura slrammonium gave very low yields, 
0.05 per cent. Datura meld which occurs in 
the N. W. r. P. can be used for the pre- 
jwration of the related alkaloid, hyoscine 


(yield, 0.05 per cent. m. p. of hydro- 
bromide, 193-194“). 

In the preparation of atropine from 
Egyptian henbane, the drug is extracted by 
percolation with hot alcohol. The extract, 
after the removal of the solvent under 
reduced pres.sure, is poured into i per cent, 
hydrochloric acid. The acid liquor is se- 
parated from resinous matter, and is further 
purified by shaking witli petrol. It is then 
neutralised with- ammonia and is set aside 
when some more resinous matter separates 
out. The clear liquid is rendered alkaline 
with ammonia, and the ])recipitated al- 
kaloids extracted with chloroform. Tiic 
chloroformic solution is again shaken up 
with dil. acid and the acid layer hasified 
with ammonia and rc-e.\tractcd with chlo- 
rolorm. The. .solvent is then distilled over 
and the residue is converted into oxalate, 
which is recrystallized from water. 'ITiis, 
when dis.s(*lvcd in water and treated with 
ammonia, gives hyoscyamine which can 
then be cxtractc<l with chloroform. To 
convert into atrt)pine, hyoscyamine is dis- 
solvetl in 0.8 per cent, alcoholic sodium 
hydroxide and allowed to stand uptil the 
mixture shows no optical activity. It is 
then neutralised with oxalic acid, alcohol 
removed, and the salt purified by rccrys- 
tallization from water (Allport, Chemistry 
and Pharmacy of Vegetable Drugs, 1943, 
36). The base is regenerated and con- 
verted Into .sulphate. 

The sulphate is usually prepared by 
adding the requisite quantity of pure at- 
ropine to a solution of one part of sulphuric, 
acid in 10 parts of absolute alcohol. The 
neutralised solution is covered with a layer 
of ether and the salt Ls precipitated in a 
pure state as ether diffuses into alcohol. 

Atropine may be extracted from fresh 
belladonna plants. These are richest in 
alkaloidal content at the time of flowering, 
when they are cut ami the saf) pre.ssed out. 
This contains most of the alkaloids. It is 
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'vvarmcd to f$u" when proteins and some 
of the other constituents arc coagulated. 
z\ftcr filtration, alkali is added to the sap 
and the liberated alkaloid is e.\tracted with 
chloroform. Some organic colouring matter, 
mucilagenous material and resin, also go 
into solution. In order to separate them, 
the process is repeated. The solvent is 
removed from the final chloroformic c.vtract 
and the residue is treated with very dilute 
sulphuric acid. 'I’hc bases arc again 
liberated by the addition of potash, 
filtered and ciTStallized from dilute 
alcohol. 

In the case of the dried roots they are 
finely powdered, mixed with soda solution, 
and extracted with a suitable organic sol- 
vent. The extract is reduced in volume U> 
about 1/5 or i/io and shaken uji with dil. 
hydn)chlorie acid. The acid extra'ct is 
jjrccipitatcd by .soda .solution and the mix- 
luie of bases, after washing, is dried at 
jo-fjO". The finely divided material is 
shaken up with ether and separated from 
mucilage. If necessary, it is decolorized 
by animal <iiarcoal, filtered and concen- 
trated. The material whicli recrystallizcs 
consists mostly of a mixture of atropine and 
hyo.scyaniine and is completely converted 
into atropine in the manner already de.s- 
cribed (UUmann, FiU/yklopiidie tier lech- 
ni.sehen Chemie, 1043, I, 2‘2’b 

.Vtropine is a colourle.ss cr\stalline base 
m. p., 1 18"). It is readily .soluble in al- 
cohol, acetone and chloroform, less .sc^ in 
ether, benzene, and Jiot water, and only 
sparingly soluble in petroleum ether. ^Vhen 
heated rapidly, it sublimes unchanged. 
Aqueous solutions arc distinctly alkaline to 
litmus and phcnolphlhalein and have a 
bitter taste. A .single drop of i in 130,000 
aqueous solution produces a marked my- 
tlriatic effect when introduced into the eye 
of a cat. Pure atropine is optically inactive, 
hut the commercial product is .slightly 
lacvorolatory, owing to the ])resencc ot 
traces of hyoscyaminc. It is one ol the 
deadliest poisons known. 


.\tropine, in common with ijyo.se.} amine 
and hyoscinc, when treated with strong 
nitric acid, and the mixture evaporated tt» 
dryness on the steam bath, leaves a pale 
yellow ro.siduc, and gives a violet coloura- 
tion with a drop of freshly prepared al- 
coholic potash. This is known as Vitali’s t«'st. 

I'he sulphate, (Cj-ILAN)... II..S(),. 
H:,0, is the most important salt of atrojnne. 
It occurs in the form of colourless crystalline 
powder, and melts at ipli", w hen aidiydrous. 
It is solublt* in water {■> in i), and in alcohol 
.1 in .|),and is insoluble in ether and chlo- 
roform. The hydrobroinidc* melts at 163- 
iti.p. and the oxalate, at 198". 

.\tropine and its salts exhibit a twol()id 
physiological action. 'I'lie. alkaloid stimu- 
lates the central nervous system, where it 
acts esjjccially on the motor area, and para- 
lyses the termin.itions of the p:ua-sym- 
pathetic nerves which .sujjply glands, plain 
muscle and the hcait. It controls exce.ssive 
sali\ation, and in jdithisis slopis sweating. 
It is sometimes used to check nasal secre- 
tions due to coryza 01 hay fever. 

.\tiopiiie. in small doses (m.ix., i.tio 
grain) slirnnlates circulation and respira- 
tif-n. It gives relii f in spasmodic alfcc tions 
involving the. unstriped inn; ch s as in asthma. 
Sometimes it is also used in wdiooping cough, 
and dy.smenoi rhea, and is added to la.sa- 
tive mixtures lor jireventing griping. 

.\tropin<; .lets on the tei niinatioris of the 
iKMves in the invohmtai y muscles of tlu’ eye 
and dilates the pupils widely. .\ one-in- 
two thousand .solution is used in sight- 
testing, but the paralysis lasts for :i week. 
It should never be used if there is any tend- 
ency to glaucoma. - (’onseiptently, lor older 
people, it is always Replaced by homatro- 
pine, CIiiiHjjOjN, the tropic ester of 
mandelic acitl, wliich is generally used in 
the form of its hydrobrornide. Its action is 
milder than that of atropine and it is also 
com|)aratively lc.ss toxic. I lomatropine iloes 
not give ^’itali’s test. 
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H\li rualK , aiiopiiir, as tni^uciilum alropim 
or as |)lastcr oF brllatloima, is extensively 
used as a loi al anodyne in certain painful 
I ondili«ms. 

I'lii; pliysioltjjfii al at (ion of atropine sul- 
phate is identical A\ith that of the alkaloid. 
Tlie salt is I'cncralK einj)loy<;d in making 
hypodermic solutions .desage ; i 2.|o to 
i ho of a grain '. L(iiiirl/f;r nlrofniKK are used 
in ophthalmology. I'’acli lamella contains 
I 1500 ol a grain ol atntjiine snlphate. 

In larger doses, ati(>[)ine is a deadly poison. 
'I'hc symptoms are similar to ihost; of bel- 
ladonna poisoning : dr\ness t.l’ mouth and 
throat, dil.ited ])upils, diA '■•kin, etc. liie 
temperature is often raised and the [)alieni 
Ix'comes delirious. Deatli takes place from 
res|)iratory failure. In eases of atropine 
pi>i.soning : taken by mouth), tannic acid 
■•hoidtl be administered lao gr. in o/. 
ofwatei^ and (he stomach uitshed. Chloro- 
form and ether may be helpful in control- 
ling sp;isnts, and caHeiii and artificial rcs- 
piralioM are eniployc'l to eonliol depression. 

AUTOMOBILES 

I'he atitoniobih- inuiisU) includes the 
nianufai tiire of engines, chassis and bod), 
and tlie assembh ol these to form (oinplete 
units. On accoutil of the vital ])art uhich 
automobiles play in modern warfare, and the 
ease with which an automobile factory 
may be converted into an armament platit 
the iiuhistry may be considered "essential’’. 
In Tmlia, at present the industry is eonlined 
mainly to assembly work and commercial 
body building. 

Before th«‘ War, the General .Motors 
(•G. M.) and the Foril Motor Co. had es- 
tablished assembly plants. In recent years 
three companies have been foimed for the 
|)roduction of automobiles in India, with a 
joint rapacity of 20,000 vehicles per annum. 
'I’hc Hindustan Motors Ltd,, Calcutta, wall 
shortly assemble motor cars imported in 
■ knocked down condition,’ and expect to 


manufacture automobile engines by ’50. 
This company is receiving assistance from 
the Niiirield Organ i.sa lion (U. K.) and the 
.Stuilebakcr Corpn. (IJ. S. A.). The Premiei- 
Automobiles, Bombay, assisted by the 
Chrysler Corpn. (U. S. A.) is now assembl- 
ing cars, and expect to manufacture motor 
cars in three years. The Motor llotisi- 
Gujerat), Bombay, will work in collabora- 
tion with tlie Kaiser-Frascr Corpn. In 
addition to these three conci-rns, two more 
factories, one in the IJ. I*., and the other in 
-Madras, are likely to be established shortb . 

Moi'OK .ys.si;,\iHi,v 

He- G. .M. are pioneers in assembly 
work and they erected their plant in 
Bombay as early as •’2B. Soon after, the 
Ford Motor Co. eslahli.slted plants in 
Bombay, Caleiitla and Madras. Prior to 
World War II, the total animal capacity of 
tlie.se two w;is ptgooo units M., bo,ooo, 
and Ford, 3!), 000). Besides these, some 
distributors also carry out assembly work 
on a small scale. I’he ehief ad\’autages in 
■a.ssembling('arsfronuompon( nts are .savings 
in eiistoms duty, and in freight, insurance 
and handling charge's. The industry eti-/ 
ccniragc-s training of technic'al personnel 
in the eonnlry. 

Two dillerenl melliucis are. used for as- 
sembly work. The li. .M. and the Ford 
Motor Co, import their vehicles in ' com- 
jdelely knockc-cl down’ condition ; the cha.s- 
sis, irames, and bodies come dismembered 
and recpiirc riveting, assembling, painting, 
I'te. Rc'ur axle.s, power units, gc^ar boxers, 
dynamos, and .self-starters are received ready 
for installation. The chassis is assembled 
upon a slow moving convenor belt; frames arc* 
placed on the conveyor at one end, and the- 
chassis is gradually fitted with brakes, 
springs, axles, engine, gear boxes, dynamos, 
self-starters, wheels, etc. Radiators and 
cowl arc then dropped on to the assembled 
chassis and bolted. 

The main asscnibiv line is fed bv a rnimbcr 
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<)!’ convc>or lines cariyiiig diiUn<-nl parts, 
each feeding a component at the appro- 
priate point. The workers stationed at 
various plaecs in the line quickly lit the 
dilferent parts to the chassis, and the as- 
.sembled units eom<^ out in cpiiek siieeession. 
If intended for eommereial vehicles, these 
arc sent direct lt> distributors and clealei"s. 
For ears, the assembled chassis is next fitted 
with the body, built in a sid)-asscnibly line, 
and brought to petition on over-head con- 
veyors. 

Sonic distributors impoi t i ars in a * par- 
tially knocked down’ condition. The 
complete chassis is mounted underneath a 
pulley block for fitting and bolting thebod\, 
and accessories. 

Amongst articles purchased locally lor 
assemblv woik, the main item is tvres. The 
Diinloj^ Rubber (!o., juul Firrstoiic Tyvv 
;incl Rubber (lu. have plants in India, and 
ha\e been supplying a large proportion of 
eommereial types nl' tyres reciuired. 
batteries up v. ; are mostly imported, though 
some eonee.riis mamiraeture tiiein in India. 
Eleetrical eopper wire was maiiuraetuied In 
the Indian (Jable (Vi. during tli<* \Var for 
army vehirles. 

BODY lU II.DINC 

belbre the War, there was no i oniiiiereial 
body building industr\ in India. riu' 

4 hassis for eommereial vi'liieles, assembled 
from ' eompletcly knocked down ' parts by 
the (i. M. and the Ford M*)tor ( lo., used t<» 
1)0 distributed thiougli llieir dealers, who 
mad«* their local arrangeiiients, Tor the 
construction ol’ the bod\. FIk’ (i. M. 
were the first to establish the body building 
industry in India. In Se|)t. '•](). they ins- 
talled plant and machinery in lionibay 
ibr mass prodiirtion, and b) the <'iid of 
the year prodncetl i,ot>9 arm\ f\pi’ 
bodies. During the War, due to tremen- 
dous increase in army demand f(»r vehirles, 
then' ])laut was mainly engaged in army work 
and a number ol‘ other firms in (Calcutta, 


Madras, Delhi, eti., also eomin(‘ne<(l op- 
erations. In ’40, the (i. M. and other 
important dealers were capable of supi)Iyiug 
about 1,000 l)0(lies per month. In ’.pj, 
the (j. M. reached tin* peak of nearly ‘{,000 
bodies a month. Their total ])rodiielioii 
during '4;^ and ’44. was vj(),io5 and 27, 95^) 
bodies respectively. The Indian iiulustr\ 
supplied 132,57:^ completed vehicles to th<‘ 
Defence Department from the beginning of 
the War, up to Feb. Vj.j, .uid nionllilv 
production was inainlained at 3, 04)0-5, 300 
bodies (I'homas, Re|). Develop, huluslr. 
War Supplies, 194 j, 70 . 

Tin* principal l aw matei iais foi both buil- 
dings, for commercial vehieh s, arc* limber, 
mild st4‘(‘l yeclions, icliaimel^:, angles, Hats 
and rounds', aluminium sheets, and liard- 
ware. Other items are canvas and hessian, 
leather, r(‘\ine, pKwoofI ami liaid board, 
standard fittings ami painl. 

Vhr i'hi(‘f re(|uir(‘im*iu.s of limber Ibr 
motor bodies arr* lightness, slnaiglh, IVee- 
<lom from wear and tear, (‘S|)e( iaily arouml 
boll ami sirew lioh's, and resistance to 
fungus attack al joints ami boll Ijoles 
'Frottei, 1944, 213,. Ill pre-war (hiys, 

the us(‘ ol (h’odar (ctlms dcitthna^ w.is ns- 
Irieictl to Rawalpindi .\iseual. During the 
War it was not readiK .uailable in bombav. 
A number ol S. Iiuli.m woods, such as pofu: 
(jilnplixllwn iifilinu), hiju^dl lUvfmarpns mai ■ 
\ujniini ami (tini Ailucai jms /liiwu/rt jiroved 
highh scr\ i( t’abh‘. In lorry bodies, timber 
is used lor the niimers or bolstia's, whii h 
.Ncrvi' as bed Ibr lorry lioltoms, ami as joists «»!* 
ihe 114 ) 01 ', am! loi planks 11 ed Ibr Hanks. 4-l« . 
riinb(‘r lor luimeis should he \rv\ siroiig. 
ami si‘.sf>o DiiUnijiid .v/.woo , ros 4 '-\\oo(l \l), 

ldfiliflid\ Andaman pddduk P/rnndrjtu\ d>d^ 
hcfifioidt'^ . liurma juiddid. pits' 

and b'ijdsdl^ ami to a lessii cxtenl, leak 
{'/ irldf/d iird/tdi.s}^ s'di Shtdid nihusld., hrnfrdk 
. Ldutistiocmid Idiinoldtd',^ iliitij^an Hopto spp. •. 
dim and dlidinan \(irea'id iilidvpdid' are also 
used {Indidn P)d\, 19.17, 73, jbt)'. Flanks 
re(|uire rcasonal)Iy light ami resilient lim- 
ber. A larger choiei' of woods is allowa'd. but 
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(li’Otlar is prct’crrcd owing to its sj)ringy 
qualities ; others used are cypress {Cvpres- 
us torulosa), kail {Pitius excelsa), chir [P. 
Umgifolia), teak, poon, chaplash {Arlorarlms 
chaplasha)^ am,gamari [Gmelina arboiea), white 
cedar {l)jsox}’lum spp.), w'hite hombicay {Ter- 
minalia procera) and Andaman (Lager- 

strocmia hypoleuca). About 21 c. ft. of timber, 
inclusive of wastage, are used f<»r one lorry. 

In bus bodies, timber is used for cross- 
bars, bottoms, lloor-boards, roof cross-mem- 
bers, roofs, side- and back-boards, windows, 
footsteps, luggage carrier frames, seals, par- 
tition walls, elc. The amount of timber 
required for one bus is about 5‘t c. ft., in- 
clusive of wastage. Timber for bus bodies 
.should be similar lo that u.scd f()r lorrie.s, 
but leak is generally preferred. If teak is 
not available, v«/ or sissoo. without any 
knots, may be used, llenleak is extensively 
used in Madras for motor bodies. For 
station wagt»ns, white cedar is used for 
pillars, doors anti roof, the llooring being 
of teak. TIm‘ timber, excepting for seat, 
partition and lloor-boards, should be cap- 
able of taking a high finish. For hood 
frames, a fairly strong, elastic and tough 
wood cajrablt; of being bent is required. 
Mullierry {Morns spp.). dliamtin, .sissoo, rose- 
wood, teak, beiihnk, hijasal, .\ndainan 
padauk, liurina padaid;, Andaman pyimua are 
suitable (Trotter, hr. at.). 

Mild .sl<-el angle.s, bars and rounds are 
ictiuired fin- bus and Itmy bodies, fhey are 
used for su|)erstrtic.ture, n'inforeing and 
supporting panels, luggage carriers, .scats, 
etc. About 0.3;^ ton of .steel is re((uired for 
a bus body and o.iti Ion for a lorry body. 
Hardware, such as coach bolts and nuts, 
wood .screws, ui.ichitie sen-ws, hinges, etc., 
.is imported. 

Plywood, used in ih<‘ eonsiruction of bus 
bculies, is nio.stly imported. Masonite and 
other hard boards, also .safety glass and 
window glass are imported. Ih'ssian, canvas, 
cotton wadding and rexine arc locally 
available, bu* iiuiigeiifms I’exine is of poor 
quality, f .inolenm for flooring is im|>orted. 


Certain bus bodies use an outer panel of 
aluminium sheet which is locally available.. 
Aluminium strips, headings, gutters, etc. 
are imported. Some paints manufactured 
in India arc used for painting wooden 
portions and the interior. 

X'arious standard fittings and accessoric.s 
such as door handles, wind screen wipers 
traffic indicators, springs for scats are im- 
ported. Locally made door handles are of 
inferior quality. 

.•\t present only the G. M. are capable 
of applying mass production technique to 
body buihling. During the War, this was 
made possible owing lo large army rc- 
(|uiremenls of vehicles of particular designs. 
After a prototype is completed and approv- 
ed, suitable jigs arc constructed. 'J’imber is 
cut and shaped ; simultaneously, iron and 
steel sections are cut or I'orged to .shape, 
drilled, and made ready for use. 'i’he 
assembly is carried out on liiu^ production 
system, and during the pro«’e.ss the chassis 
is drilled and fitted with extensions. After 
the War, owin.g to decline in orders, the 
G. .\r. are not able to make full use. of their 
plant. 

.\ large \ ;iri<rty of botlii s are. made, such 
as load bodies, for carrying goods and ma- 
leiials, with fixed or drop down sides, 
delivery van.«, pa.s.sengcr bu.se.s, ambulance 
cars, station wagons, etc. Restrictions on 
length «>f body, and on load, influence 
body (lesignin.g. The wheel-base of chassis 
for conuncrcial types (3 tons) is usually 
of ibG”, and those of delivery vans (i| and 
■} ton), 135" and 113". Pas.sengcr bus 
bodies usually have ciuis.si.s of wheel-b.'ise 
of iGo", 17.")" and 200”, and station wagons, 
of 113” or 130”. During the War, several 
other types, such as troop carriers, wireless 
van.s, w-ater tanks, tipping w-agons and 
cinema lorries, were built. 

F.NGIXES. SP.\Ri; J'ART.S. f:HA.SSI.S PARIS, 
K'l'C. 

Raw materials used in the manufacture 
of automobiles are the unfinished and finish- 
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ccl products of other iadustrics. Develop- 
ment of these subsidiary industries is there- 
fore essential for an uninterrupted flow of 
raw materials. In the initial stage many of 
the components and parts will have to be 
imported till their manufacture in India 
becomes technologically and ccoiu>mic.ally 
feasible. liven big firms do not manufacture 
all the parts of an automobile. They get 
many of them from subsidiary ijidustrics, 
and it is reported that out of 40 major items 
tattering into a \-ehirle, Studebaker buys 35 
items; Chrysler, 34 ; Packard, 3‘.> ; Ford, 
ay ; and (L M., 19 items. 

The princi|)al materials used in the manu- 
facture of engines and other auxiliary parts 
are alloy steels, ca.st-irons and various non- 
ferrous alloys. The industry requires iifi 
different types of steel, 92 different tyjK‘s*of 
eastings, with strict conformity to specifica- 
tions. Alloy steels arc used for cranksiiafts, 
cam.shafts, gears, ctmnecting rods, valvc.s, 
tdc. During the War, Tatas produced a 
large number of alloy steels, anti may be ex- 
]jectftl tosupply India's requirementsof alloy 
steels foi automobile manufacture. (Jrcy 
cast-irons are u.sed for cylintler blocks anti 
head, brake tlrums, and parts exposed to 
heat and corrosion. .Messrs. Jamshedpur 
Kngineering anti .Machine Manufacturing 
Co. (Tatanagari, and Messrs. Burn & Co. 
(Howrah) are in a position to make these. 

.Muminiuni alloys arc u.sed for pistons, 
anti sornetinjcs ft»r cylinder blocks, gear 
boxes, and their covers. Iwtr ctweis, 
magnesium alltty alsti may be usetl. Zinc 
.dloys, containing aluminium and copper, 
and occa.sit)nally magnesium, are used ft)r 
a number of auxiliary parts made by 
tlicc-asting, such as carburettors, jn^trol 
pump, door handles, etc. The.sc arc 
usually electrt)plated with nickel or 
chromium. Brass, plated with nickel and 
silver, is used for heatl-lamp reflet;tor.s. 
Sm:illcr quantities t)f lesser known metals 
and alloys arc aLst) rcquiretl. Nickel alloy, 
containing manganese, chromium or 
silicon, is usetl for sparking plug parts ; 
tungsten, for ignition coils, make-and-break 


contacts, etc. The only pure metal, iiccil- 
ed in considerable quantities, is copper in 
the form of electric wire, sparking plug 
washers, petrtd pipes, radiator honeyct>mbs 
and ga.skcts. 

Rubber and rubber-lincil materials, 
such as flexible tubing for petrol pipe.s, etc. 
for which oil, petrol and hcat-rc.sisting 
rubber or synthetic rubber compounds are 
retjuired, can be matlc in India. 

So far, automobile trngincs have not 
been manufactured in Intlia. fhe Hindus- 
tan Motors Lttl. arc reported tti btt busy 
commencing the manufaclun'; of engines 
and a few other motion parts of auto- 
mobiles. 

Besides batteries, .1 number of span- 
parts are manufactured in the country, 
but their (juality hits not reached the 
standanl of foreign products, rin- maiti 
centres of production .uc l/aliore, 
Rawalpindi, Calcutta and Madnis. I’ht: 
parts made are bu.shing for <lriving .sluili. 
kingpin, etc. bearings, various types «.>f 
bolts, rear .spring j)ins, ian blades and 
b(dl.s, hub-nuts, spanners, engine valves, 
washers, cylinder h<rad gaskets, pistons, 
piston rings iind pins, valve guide.s, cvlin- 
(h-r liners, diaphragms, radiator hose, etc. 

.\ new plant I’or tlu- in:imifaclun; of 
automobile wheels, diassis, bumpers, bnike 
drums and »»thcr cold pressings is proposed 
to be installed ne;it 'l'at;m.tg:ir (.'iiiilnf, 

i!H 7 , “8. 

flic h*]U)wing i;ii)lc givci the number ;uul 
types of motor vehicles otlu-r th;m those 
ownc<l by th<- milit.iry <lepai-imcnt, in n.sc 
in British ln<iia«lming the year ending 
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It is csliiiuilccl llicii ihcii* ;ir(; now iinck*r 
tlic InclicTH l^iioii ah(jiit „mx),ooo rc»isU‘ml 
motor \clii(U*s iiirludiriLj 
i(,af)i/nl, r»n«N *20, 5J ^ '!nij)or!s Jiavc* Ixvii 
licavv siiu r (lu* \v;n‘. In 1917, nearly Juooo 
iK'W ( ais anti io,tx)o ( (nmntacial vrliich'S 
wt i’e impoi O^d. I his y;M*'s dt inand is (‘Sii- 
inatod al ;;t),o^>«> nniis, lisin^- to al)<nit 
1.5,(»o()in ififjO- A substanlial |)arl uflndian 
rrqnlii-nirnts arc c\|)(‘( lcd to bt* m(‘l by 
Indian Asscmljly j^lanls and Factories. 'The 
plantsorilic I lifidiistan Motors near (laleiitta 
and Oklia, when they canit‘ into lull pro- 
tlueti(»n, will be able Iti turn out nearly 
j^^,Goo (ars ])cr anniiin ((.lapital, lor. 
rit.^ 7f*.q\ 


lm])orts of motor cars including taxi- 
cabs, motor cycles and articles other than 
rubber tyres and tubes adapted for use as 
])arts and accessories thereof, are subject 
to a revenue duly of .15 '* nd ralnrrm, and 
to a ]^rcl*erc*ntial duly of 30*7,, arl raltmin. 
Imj)orts ol* motor ornni-buscs, chassis for 
omni-buses, motoi' vans and lorries are 
subject to a revenue duty of^o" „ ad ralorna, 
and to a preferential duty of 21’ .. ad 
vainrcni . 


BAKERY 

liakcric‘S manufaclinc* bread and other 


IMPDR I’S OF AU rOMORIf.KS AM) FAK'IS 


{\\^\. in Likhs^of Rs.;' 


Nfolnr ears, \fnlor o 

incliKlin.t; huses, motor v.ms 
taxi-cabs and lorries 


Parts of met hanirally propel In 
vehicles accessories otlna 
than those of’ aireial't 
excJ 11(1 ini' riihber tyres) 
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I'lie 1-. K., (lanada, and tlu? IJ.S.A. 
w(‘re the main suppliers in the pre-war 
])eri()d. hi tin' (|nln(piemiinm endinu; 

^tJpplied .}f), 12, and 32".., 
1 t sj)ecti\ el) of the impfirts of motor ears 
and taxicabs. 'I'h(‘ eoircspoiiding per- 
centages Ibr motor omni-bnses, vans, 
ion ics and < hassis were 22, 19 and ')"), 

rcspt'ctively, and for parts and accessories, 
.]i. lo, anti j I . respectively. 


yeast-raised products (buns, rolls, etc. , 
biscuits, crackers, and cakes. These art- 
prepared IVtiin wheat (lour tlougli and dilVe.i 
only in the nature and projiortion of other 
ingredients, such as fermenting and lcav<‘n- 
ing agenl.s, sugar, fat, salt, ete. 

In the (lough, the jirolcin (9.3-12.3' 
is hydrated and swells up into a highly 
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clastir. rubbcr-likc substance, gluten. This 
mixed vvilli moist starrh granules imparls 
to the dough its clastieily and gas-retain- 
ing properties. 

Two varieties of wheat Hour, hard and 
soft, arc used, varying mainly in tlie quality 
and quantity of ])rotcins. Hard Hour 
contains comijarativcly t«)ugh and <*lastic 
gluten, capable of good gas-retenliou and 
high water-absorption, and yields well- 
shaped bread of good grain and structure. 
It is also utilized for making products 
allied to br»-ad. Soft Hour, on the other 
hand, contains a soft and incoherent gluten 
of poor gas-retention and water-absorption. 
It is used in the preparation of cakes, 
biscuits, etc. in which no fermentation 
takes place to mellow the gluten. 

(•< iMcosnioN or uiiKvi n.ocR 

, I’l r 1 ml. :■ 
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In India, bread-making is not an or- 
ganized industry and is scattererl all ovei- 
the country in small units, catering mostly 
to local demands. Moilerately large baker- 
ies are found in big cities. A number ol 
tea and coffee shops also prepare bread, 
buns, etc. The .Army in India has its own 
bakeries, and their production during World 


War II, iiu icMScd rmisiilcral)l\ . (Jivili.in 
consiinijitiou nf loaves, buns, vw. is mn- 
liiiccl to a set t ion of tlu* |)0[)nlation. 

Stroiii; or luMfl wlu'al Hour is favoured for 
inakin.i* Inc'ad and ollu'r allied produel^. 
The lilt emitcMit of the Hour shoulrl be low. 
siiiee lio luis u leiidt'in y to Uirii ia.neiil. 
'I’he Hour en/.ynies, diasliise ;ind |m.)te,asi‘, 
also allec l the, (|uality ol'brisid, llu* rornier 
by helping- the lernientiitioii of stare. h into 
sugar, niid lh(‘ latter ’oy softening lh»* 
dough through llu' l)re:ikiiig down of gluten 
into siinplrr suhstara i's. li\( <-.ss of these in 
the Hour will yield a stieky dough of low 
gas-retention, heaiilii ieut anionnt of these 
will result in tuugli and non-elaslie glnt;<ai. 
To suppK thes(‘ en/\ines, propialy niaUe<l. 
wheat Hour is used or the ie(|ui.dh! ((iiantity 
of malt (‘xlract is added to lhi‘ dough. Most 
of llu! smalli'r l)akeries in liulia, liowiwer. 
use Hour without any diseriinination. 'Tlie 
bigger iiakiries generally use in. Mured and 
hhsieluMi |;atejit Indian lU* .\ndr.dlan Horn. 
In milking dough, t.‘«) II). of water are added 
to loo 11). (if Hour: lli(* doip'h diouhl h*' 
neither (( o >ldl nor to* silek\ . 

Vea.-a i> the mo.-l. Miiiahh’ leinieuim-.' 
iigeiil. d he y asi /Am.ea* d('\(‘|«ijv; feiiueii- 
tiilion ill the dough, piod'e iiig earho > 
di(i.\ide and alet'lioi. I he foiiUi r eansex 
llu' dough to iIm*, and ihc‘ laliei* is expelha! 
during baking. ()nl\ the moM iip-to-dait 
hsikiaies ii.se ('oni|)r('ssed cu* active yea*a. 

t iiiiei alK , l II). olAeasl i.i needed lif’ 
treating loo lb. of Hour. ( !om pressed yea.si 
is dissoKcd in w.iter at. l!o-d(j’ and 

kept Idr iin hour before use. Willi aelivt* 
di\' \ea.st, iIk* lernn'iit is preptired 1}\ 
mixing i lb. ofyi'asl, 7 lb. of water and ;j o/. 
of sugar at Mo-hb' V, (Icrtain tyjje; of dr\ 
yeast are lirst. brongli’t to iui a* live 1 o nlilioii 
by mixing t.I lb. of sngiir, a lb. of Horn 
and id gal. of water with e\<‘ry lb. ol'yeasi 
and idlowing thi‘ mixture to stand Idr iin 
hour bcldre use. OiIkt il'rmejiling ag»:iHN 
used for inferioi- grades oi’ I)rea«l ai*‘‘ milk, 

( unis, toddy, etc. 
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Sugar is added to impart sweetness and 
flavour, to help fermentation and to in- 
crease the cal. val. of bread. It also gives 
the characteristic coloui' to the crust. 
About 5-() lb. are needed for loo lb. of 
flour. Salt is an essential constituent, since 
it controls fermentation by toughening the 
gluten, prevents bacterial growth, and gives 
taste and flavour. About 20-24 
used for 100 lb. of flour. 

I’he lusual fat content of wheal flour 
per cent.) being sufllcient, no extra 
fat is added in preparing ordinary bread. 
For buns, rolls, etc., some extra fat (Vams- 
paii, lard or butter) is used. I’or greasing 
bread i)ans and for bru.shing baked loaves, 
hydrogenated fat or .salad oil is used. Milk 
])()wder is sometimes added to enrich 
Inead. 

fhe Miaighi dough method or tJie 
sponge and dough method is tiscd in the 
mahufacture of Itrcad. ’I’hesc’ difler only 
in the method of mixing. 'J’he former is 
more commoji in India. It contisls in 
mixing togetlicr all the ingredients at about 
ilo" F.' The ((iiality of bread depends on 
thorough mixing of the ingredients and on 
])roper kneading. This is earric;d out ine- 
• hanically in large bakeries, but by hand in 
small bakeries. 'I'hc kneading machine eon- 
sLsls of a slow rotating vc.ssel in tvhieh the 
flour is worked by means of a number of 
moving arms. The ferment is added during 
kneading and .salt is added after the ]cre- 
iiminary rising ol the dough. 

i'he km-aded dough is kept i:over<;d with 
a moist cloth for hrs. fitr fermentation. 
Durisig this period, the dough is cut at 
inUn vals to expel gases. Proper control of 
lime and temperature of fermentation is 
neecssttry to give the dough the right degree 
of ripeHc.ss. The ferrneuted dougli is again 
worked with .salt for about half an hour in 
the kneading maehine, when stale gas is 
c'xpellcd. The dough is theu divided into 
smaller pieces of the desired weight. The.sc 
are rounded up with dry flour whieh gives 


them a surface skin, .\fter about 15 mtti. 
they arc squeezed to expel accumulated 
gas, rolled to proper shape and placed in 
greased blaekshcet moulds or pans. The 
moulds are then kept for proofing in a warm 
place near the oven, for about an hour, 
when the dough rises almo.st to the top of 
the mould. The surface skin prevents the 
escape of gas during ])roofing. 

The ]>roi)fed loaves are then baked. 
Some fermentation continues during the 
early .stage of baking, but at t.'|.o-i45«F., 
it ceases. As baking [iroreetls, the alcohol 
produced iluring fermentation is expelled, 
the protein is coagulated and the starch is 
gelatinized. Dextrin formed at the top of 
the bread is caramelised, imparling to it a 
deep brown colour. In India, the bigger 
bakeries use the modern type of coke-lired 
draw plate ovens, but do not yet use the 
iinjtrovctl, continuous gas-hcated ovens, 
with tcrupcaaliire control. .Most of the 
.‘mailer bakeries still use a primitive 
type of oven, heated by burning wood. 
The aslur are removed to one corner, and 
the dmtgh in moulds placed inside. Once 
healed, the o\rti i.s gcTierally' go:):l for (lie 
u'holc day. 

'fhe baked loaves are removed from the 
oven, brushed with butter, Va'taspali or 
salad oil to give the glaze and to prevent 
cracking, cooled for 2-3 hr.s., .stri[)T)ed from 
moidds, and finally jiacked in waxed paper. 

In the sponge and dough method, ])arl 
of the flour and water and the whole ef the 
yeast arc fiixt tloughed and then allowed to 
ferment ; the .sjiongc .so formed, is broken 
and w'cll mixed with the rest of the ingre- 
dients. Subsequent operations are the 
same as in tlic straight dough method. 
This process requires less yeast, less prortfliig, 
etc., but is liardly'^ usetl in this country. 

Bread, not meant for immediate con- 
sumption, should be wrapped in moisture- 
proof paper to prcv'cnt loss of moisture, so 
that it may not get stale. Lo.ss of moisture, 
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liowcvcr, is ail arccntiiating fai lor and not 
the cause of slalcncss. PiTraiitions taken 
during hrcad-inaking lidp in arresting 
staleness. The dough should not be made 
too stiff or too warm and sliould never b<‘ 
over-proofed. Addition of f)ils, fat and malt 
extract^ tend to delay staling. Freezing to 
a low temperature also jirexents staling. 

bread is easily habits to iiifeetion by 
moulds. The mould-ffcc* life of bread can 
be increased by 7-8 days, if oz. of 

propionates (calcunn or sodium/ are in- 
corporated with 100 lb. of Hour. Sodium 
diacetatc serves ef|iially well. Bread also 
develops ' rope ’ due to bacilli of the 
li. ntcsnilniciis groiij). ‘ Rope ‘ iu bri ad can 
be avoided by increasing tlu-. acidity with 
lactic acid, vineger or calcium phosphate. 
Sodium diacctal<‘ is also elU'clivt* against 
‘ro])e’ fvon Loeseeke, : Jacobs, II, 400 . 

White bread is usually manufactured in 
sizes, \ lb., \ lb., 1 lb., and in bigger 
sizes sueh as sandwich bread ' lb. loaves:. 
Other varieties, eontaining various enrich- 
ing .substances are. raisin bread containing 
more sugar and raisins), brown lircad iniadc 
of Avholo meal Hour and malt;, diniK'r 
rolls fcoiilaining milk and eggs;, and milk 
lolls (milk replacing pan ol* water-. 

msci fi s 

riie u.se of bisi.uils is \er\ liiuited in 
this country !)i:t tlieir jiupularity i‘: increas- 
ing. Britania Biscuit do., the first organiz- 
ed factory to be started in India, com- 
menced piodnction in j{S()7, in (-alcutla, 
and siibs«.‘quently establislied another fac- 
tory in Bombay. Fheir total capacity is 
about 5, 1 Go tons per annum. This w as 
closely followed by the Delhi Biscuit Co. 

( 1B98) with ail annual capacity of 750 tons. 
Before World War II, six factories were 
started, of capacity x arying lioin 250-1,200 
tons. During the War, two more of 900 
tons capacity each sprang up. Besid(‘s 
these, there arc now 5 smaller fai lories and 
mimcroiis small eoneerns to satisfv local 


demand. Most ol the lai tories ait‘ situated 
ill large cities and towns, and tlie industry 
received considerable stimulu'; during tlnr 
two wars, 

India at present produces only ‘ plain,’ 

' slightly sweet,’ ‘ sweet,' ‘ sh rri,’ and to 
a smaller extent, fermented biscuits. 'Fiie 
plain type incliuh's (dicesc, milk, and water 
biscuits. TIuse contain little, if any, swi^-iten- 
ing agent, and a small proiiortion of fat. 
Sliglilly sweet biscuits, such as 'Tliin Ar- 
rowrort, M iric'r and PtMit Bciirre, co.Uain 
20-25 per cent, of sugar and pa* c(Mii. 

of fat. The su(N t type contains a nrnh 
liighcr proportion ol’ sn.gar. riitsa ar<' the 
cream saiulwiclicd, the. sngar-cty ited and Ih ' 
‘ Ciingcr Nut ' bis. nils. S!e>rt h’s aiits e >.i' 
lain a higli jieivenlagv' of fat and sugar. 

Fur hist nits and i iaekc iv:, e>[j.-. ia.lly fin' 
plain, .‘.lightly swtct auil feinii ntcil types, 
ihe most suitable^ I! >iu is o»n: which coni tins 
a medium [Moptniion of soft and silkv 
gluten. Flour fr(»m Indian wlnMt co il. lin- 
ing Kaigh and rnhhery gliiien. allliongli in 
onalh r j>u)p o' lio:!'- dim in hard Hoar, is 
still c</n id. rcd h srd. h i^ how aa r, rpiite 
suitabli lor ibr ‘ slioiU * .mu! 10 :i sai ille,’- 
degree lor liic ‘ >wi* n dhie Indian 

biscuit Industry, iheiefon, p-.efcia imp >i*teil 
Ausli.iiian Hour l(»r ccri’.'m (^)^r^^■| 

bhauliug arul sMndardi/ ahm ».•!' (1 1 n- ;s also 
csseniial !dr anltlniniiy and qu dity. Tiv* 
Hour s 1 :oul(l b.' Irisii'mille.l, lie.’: Iroai 
added plir>iph itiS and eh ni’! ils, an I sh mid 
ha\a- <actim\ while t(»!our wiiii no li:*ge 
specks of br.in. It s-ioald uo. in ill\ roii- 
lain: inf>iaiire, 12: '».|o: protein, 

II |>cr cent, din* moisiure coate il s!i o ild 
not cxceeil per cent., and tlry glun a 
slmuld not he hss llrin 10 p.* ' la ;i'. 

.Sugar breaks the ghiUei, an ! also .1 is 
as an anii-oxidant f(»r fat and in re is •> t'c: 
keeping qualities. Shorle?iing or fit is 
another ewentiid ingredieiit. U b.eik; the 
gluten and give;s ( rispiie-.s ta» the bis iilt by 
leavening it, and by givi»ig it :i 11 iky sirue- 
lure. Snflii'ienliy large p c^aitag.N anr 
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]<’Ciuir('(l to (liy jt»ln((!u forming a 

hard niahs. Vannsimli, |)rc frrably willioiil 
‘ grains,’ inargariiic, lard oi’ oil can he 
used, but in India only l aims/tfi/i is used. 
Its ( Ijaraclcrislics should be m. ])., ;^b-39 ; 
tier latty adds, 0.23 jjcr cent. ; iod. val., 
hr, ; K. Nl. val., I ])ci- cent. ; Polcnskc val.. 

I per cent, and ijnpnrili<\s, les*' than 1 part 
in iniMion. While is otherwise 

suitabl(‘, it. dots not give as soft or as sliorl a 
biscuit as some of the best gradi's ol imported 
biscuits. It is considened that the use of 
animal fats in the mixture brings about the 
desired iiTi])rovcment. .\< coidiiig to Indian 
piacti('e, I ton of bisc nits re(|uires on an 
average, lb. of Hour, jio 11^. of ^ ngar, 

and 3f)o lb. ol' shortening. 

In addition to fat, aniinonium carbo- 
nate is generally used as a (piiek 
acting leavening agent. Sodium bieaibo- 
nate, yeast, and baking powder an* also 
nseil in some \arieties. Small (pianiities of 
glneose are used, in older to bind the flough 
and give swe(‘liiess to it, fl<Mi(‘y [iiodiua*.' 
a V( ry rich < ()l(Hn* and N.dt is ;id<!ed lor 
l.istc*. 'flic other inal<*ii.!i.> n <’d are lla- 
\onrs :'i!id '/eg;ctal)K* colour: . 

dT.c iiidu'-lj y re(jnin" lilgh cpiidilx niois- 
t iirc-proof packing malca ial.;, liir prc'^^ci v- 
niij the crispiu .s and tiu* cpialitx ul tlu' 
biscuit. The jiiicking niiitcrial in use are 
waxed jiajH-r, lint ter pti|)er, l ard board, 
and tin-plates. 

riu! inanniaetnring proce.e eonsists in 
inlindncino wheat Hour and sugar in le- 
(piisite preiioi lions, along w itli tlu' other 
ingredients, into a \ertieal or drum mixer, 
the, liamta* b<‘iug used tor biscuits of the 
iermeiittd and slioit 1\JH'S, and the latter 
.fi>r (Mln rs. J lrn' the y aie iuix<-d and kneaded 
nice hanically to a. c oir.paratiN ely rtilf but 
jiliable dough. Salt, sugar, colonrs, ind 
llavonr, etc. are dissoKed in watca* before 
being added to the Hour. Ainmoninm car- 
bonate is also added at this stage. f'lu' 
sl.orlcning is added when mixing and 
kia ading is aiinosl complete. I he forming 


period \’aries witli tlie class oi' dough re- 
quired; hard doughs taking about 90 min., 
soJt doughs 15-20 min., and cracker doughs, 
20 min. 'Flic cracker, to which yeast is 
added, must li(‘ for another 2-3 lirs. for 
fermentation and rising. 

'V\\r prejKu ed dough is first passed several 
limes through the dough brake, consi .ting of 
a pair of slec'I rollers. 'J’he thick sheet of 
dough th(Mi passes throiigli the reducing 
rollers, the finishing rollers, and finally 
tlirough a high speed cutting and embossing 
machine*. Doiigli for short ty[)e biscuits is 
nut gi\en any jircliminary treatment in the 
dough brake. I’he scraps are taken back to 
the dough brake foi* reprocessing. riie 
finished dough pieces an*, deposited on pans 
or tray.s and fed into the oven, which is a 
large gas-heated tunnel with temperatun* 
control, 'fhe biscuits are carried through 
till* o\cn ov(*r a travc'lliiig chain or steel 
band at diflcrenf s|)eeds, depending on the 
type of biscuit and the l(*mpcrature of the 
oven. (i‘<*nerally, 3-15 min. are jv((uirab 
bill tin* lime tor baking may go u|) to 20-40 
min. I<)r \( ry tliic'k l)iscnits. Making takes 
plat e at a teinperalure (»f 400-5001’. At 
an average* triTijH‘ratnn*()f.j5o F., llu* baking 
lime for most lyp(*s e)f biscuits is abbnl T2 
min. 'riu* trays emeiging I'rom tjic oven 
;:iv cooled by passing through a long air 
(Iral'l cooler, rjic biscuits are then sorted, 
the (K*fee ti\c one's remoxed, and the rest 


In the Ciisi* of ereaiii bisciiiLs, the cream 
or iilling is sandwiched between bi.scnits. 
Tlic lining generally used i.s a batter pre- 
pared I'roin hydrogenated vegetable short- 
ening, sugar, milk powilcr, eoloni’s and 
llavours. 

Biscuits arc usually packed hi paiuM 
packets or cartons, care being taken to 
protect them by meairs of grease-proof or 
butter ]}aper. 7 ’he usual sizc*s are j, I, 
oiH* and two lb. packets. Scaled tin packings 
are the best, but there is .scarcity of thesis 
at present. The cheapest method of pack- 
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ing is to pac k them Kk>sc in l)nlk into huge .j. 
gal. tins' containing lo-ill 11). of biscuits. 
tUcncrally, i 11). of biscuits contain 
]>iccc\s, depending on tin* t\pc. \'t'iy thick 
biscuits ])rcpared lor the* Army, such as 
Shnkffffdm biscuits, weigh iG to a 11). 

BefoH* World War Jl, India was |)rodu( - 
ing mainly second cpiality biscuits. Dtiring 
the War, chu* to stoppage of imports, the 
industry made great strides both in c|uaUly 
and quantity. Sonn* of tin* leading lirms 
arc now prodm ing certain types which l om- 
[)are favonrably with the lirst (piality foreign 
l)rands. 

Before the* War, tin* a\(‘rage ^^holesalt* 
price f>ftlie better class bis< iiits, sold in bulk 
containers, was As. lo p(‘r lb. There was a 
steady rise in selling priet s during tin* War 
due lo complete stoppage o(‘ imports, and 
diversion ol’ ])rodiietion to military require- 
ments. 'rin* A\holesale s(‘lling prices of 
inanufacturers ' 1947') vary from As. 11 to 
Rs. i-b i)ei’ lb., loose. 

During the Wai’, 13 factories supplied 
31, 238 tons of army biscuits {Sltakapara 
biscuits), of which those in Bengal and 
Bombay supplied i;},G44 and 11,486 tons 
res})cclively ijmod Statist. India, 194G, 
181). The i)rescnt production capacity of 
the ('xistiug I’actories has been c'^stiinatcd at 
:27,ooo tons, but due insullicicnt supply of 
Hour, most of the factories are working on 
singh* shift and are producing only onc- 
tenlli of their capacity. The (iovernment 
ol* India is pro|)osing to increase the total 
annual ])rodnction to about .p),ooo tons, 

'The pre-war annual consumption of 
biscuits has been (\stimatc(l at about q,ooo 
tons. 

AVKRACa* ANNUAL IMfORlS OF hlSCll lS 
AND CAKKS INK) INDIA 
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'The imports an* mainly fn)m llic U. K.. 
and are subjcci to a |•^‘\'enll(* duly of p ■: 
(•(‘lit. fid !}). 

CALLS 

In liidij, cakes iwr g<*n(*rally pre|)rn‘;l in 
revlaurants and by confe('tio!u*rs. Smaller' 
bakeries ;rIso pi'oiltict, cake.;, but of infer ioi 

'Flu* (*ss(mtial ingiedii'uts of r c.rke iu<* 
gfxul Hour, sugar, fat, baking jxiwder .rnd 
eggs. Ahmg w'tli thc.sr*. milk, salt aufi 
Havoui's arc* also us(*d. Fiiir optional m i- 
lerials are almoiuU, raisins, custai'd, etc. 
'^I'lu* usual ])ropf>i lions of the ingrc:lu*nis 
are : Hour, *2^-31) : fat, 13 ; sugar, e;, ; 
<-ggs. 13-18; baking powih*i‘, (».7-o.(r jiirts 
bv \nL ; and milk as i\*;|uiir;L 

For i)rc‘|)aring a good cakr*, il is iieio- 
sary to liave soft Hour with low protein 
content. 1 1 must lx* capiil)le ot* forming 
enough gluten lo hold the cake together', and 
to give il a eellnlar striulun*. l or high 
sugar cakes, tlu* Hour should have a proU*in 
eonlenl ot 7.;)-F> prr eenl.. and for soli 
eak<*s, H.rrp.f) per rent. Flu* l.it should ererim 
well and is priniirily n.*';p:nisibl<* f>r the 
eellnlar structure. (ii*iu*rally, hydrogi*a il(*:l 
fat or butter is used. 'Flie latter givi's a 
iiion* attractive Havour. 'Flu* sugar solo'ir^ 
the dough and remains in a dissoiv(*(l i>r 
s\ ru|)y condition. 

Ill most east's o:»l\ eggs and mdk arc 
list'd for moistening the b;ilh*i. File liuin.'r 
fniiclituis also as a leavening ag»*nt. 
are bt'alen into a loam-like mass wliit li 1* - 
mains stabli* liH the glnteii sets tlniine 
baking. Baking powJer is als > a. ! 1 .* I I u 
leavt'iiiiig. 

( 1 iki'S are of llir.*:* kiir.ls : \ ».v, w'i;i^. 

and sptMigv* cak(‘s. Flic (ii'. l l\r.» ir.* ^im l.!! . 
ill while cakes, only egg wa’o* i- 'Fir ', 

have a lima’ grain, but they rise h',s diiiiue 
baking. 
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Soft takes are made by the sugar batter 
method in which sugar and fat arc first 
creamed and then mixed with egg, flour 
and milk ; and cakes of finer grain and tex- 
ture, by the flour batter metliod, in which 
flour and fat are creamed together, and later 
mixed with eggs and sugar batter. In the 
single stag<; method of prej)aring cakes, all 
the ingredients are mixed together at the 
same time. The rake produced docs 
not pt^ssess the same volume, as tho.se pro- 
<luccd by tlie other two methods. The pre- 
pared batter is put in cake pans of various 
shapes and placed in baking oven. 'Hie 
baking temperature is ;ioo-.|Oo"l'’. 'I'lie tnne 
requited for baking de|)ends on the 
type, size and shape of the cake. riic 
cakes after being baked are cooled and cov- 
ered with special com[)ositions and finishes. 

BARIUM COMPOUNDS 

The chief (onitnereJal .salts of barium 
are the chloride, the carbonate {vide infra), 
the nitrate and the sulphate, liarium nit- 
rate which gixe-' a green colour to flame 
is used in pyrott'chnies, atid for .green llarcN 
and signals. Precipitated batiuin sulphate, 
also known as hlam fixe, is a \aluablc base 
and (xtcr.der in the paint industry. A 
specially jnirified suljfliate, fnc from any 
trace of soluble Itaiium conipountls, is 
used ill the X-ray examination of tlie 
alinientai y tract. Barium .sulphide is sorne- 
tinus used as a luminous ])aint due to its 
feeble ]}hn.sph(;rese<-nce, aiul as a depilaloiy. 

'I'he minerals witherite (IkiCO, , and 
barite (BaSO,' aie the sources of barium 
compounds, h’roni the fbrnu'r, (hey are 
readily obtaincal by irealmcnt with eorres- 
|K)nding acitls. Barite is reduced to barium 
suljthidc by toasting it with povedered coke 
or charcoal, anti the l.itlt'r is proees.\ed to 
\ ield barium salts vide J. \. i. ini/ii\ti. Res., 

i!M b 3» 

In India, the protluction of barium unn- 
pounds started fiurin,g the last War. The 
Mettur Chemical and Industria! (iorpn. 


have a plant capable of producing up to 
1 ton pet day of barium salts, chiefly the 
chloride. Since witherite docs not occur in 
India, they use barite as raw material. 

ll.\R H. .\t (tARBONA 1 1 , 

Barium carbonate, BaCf).„ is a white 
powder which decompo.sc.s at a very high 
temperature i'1360'’j. It is prepared from 
barium sulphide by jiassing carbon dioxide 
through its .solution, or b\' treating it with 
sodium carbonate. .Ait hough insoluble in 
water, it is poisonous, as it is acted ujxm by- 
acid in the stomach which converts it into 
a .soluble .salt . 

Barium c arbonate is irsed in the manu- 
facture of optical .glass, china and porcelain, 
and enamels Icir ironware. It is an effec- 
tive rat-pr-ison. and the bait is usually 
prepared from barium carbonate. (> oz. ; 
common salt, 1-4 o/.. ; wheat flour 4 oz. ; 
pea or hajri flour { Rennisetmn lyfihoidei)^ 
la oz. ; and dripping, oz. ( Kingzett''. 

H'.RH’.Nt CFir.ORIDK 

Barium ehloride, iBadl.,. 2llj()j, is a 
colourle.ss cry.s(allim* salt. It is -readily 
solubh; in water and is highly poisonous. 
It loses its water of ( rystallization ciimpletcly 
at 100 and melts at B60 . Unlike the 
chlorides of calcium and slrontimn, it is not 
hygrosco])ic. 

Barium chloride i.s used for the prepara- 
tion of precipitated barium sulphate. It is 
also employed in leather tanning, in bo’Ier 
compounds, and in water softening. 

In India, its principal use is for the re- 
moval of sulphates from brine solution used 
for the electrolytic mamifaclure of caustic 
soda. 'I’lie Indian Alkali Industry, w-hen 
producing 4..C),ooo tons of electrolytic alkali, 
will rerpiirc 1,000-1,500 tons of the salt 
• Rep. Heavy Chem. and KIcetro-Chem. 
Industr. Panels, 1947, -iG). This demand 
will decrease when purer salt becomes 
available. 


120 





BAl i r.KlKS AND 

B;iiluin rhloi iclc i : ininiuractiin.d in India 
hy lh<* AI(‘fliir (liomirals. PoudcTrd baiiics 
and dial coal arc mixed with a ”)<> jjrr real, 
solution of caU'iiini chloride and lu-atcd 
Boo-850 ill a rcvcrlx'iatory iiirnaci? i’or 
about six hours. The prodiu ls of iht! re- 
action arc lixiviated wdh water, the dear 
soluti<.-n Ircaled with a small ([uantity ol‘ 
liydrochlcric acid or dilorhic to remove 
^olublc sulphides, and concentrated. I1ic 
crude crystals that separate on cooling are 
rccrystallized, and dried in a hot air drier 
(Shah, ./. ui. indusir. AVv., ic).j6, 4, 788 . 


ACCI 'M! I a I ORs 


A di v c ell is a. Ledandir' » d! in whiui 
iu- eli-etrolv te is in ilu* iin in ri a. paste, am! 
eannoi la! si/ill. 'fhc cell coiis^sls of an 
anode «)l larlxm rod surn>nndcd by a 
niixtina* ()l di'polari/.ci* and el(\irolylc, tin 
cm ire* assi'inhly being sealed in a 
zinc container, which serves as the l atliodiv 
I he sealed cell is insulated by eovering 
•t with paper. It is essential to eoustnua 
it in sneh a way that tin' divlrolylr 
is alwass kept snllieii'iitly moist. 


Small quantities of barium chloride an* 
also produced by the mainifaeturers of 
electrolytic causlie soda. 

BXPOR'IS OF 15ARIUM COMPOUNDS (lUV 
CUlJDTNt; BARIUM PFROXIDK, BARVTKS AND 
BI.AMC FIXE) FROM C.K. 1X3 JNDIA * 
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BATTERIES AND ACCUMULATORS 


liatteries and aeeunuilators are devices 
Ibr generating electrical energy l)y chemical 
reaction. They are assemblies of primary or 
secondary cells, to give higher output of 
energy. Primary cells, such as dry cells, 
produce electrical energy by chemical 
reaction w'hich is not easily reversible. Se- 
condary cells depend upon reversible re- 
actions for their operation. These cells are 
always assembled into batteries, as in the 
lead acid storage battery. 


Ory et'lls are. i>f two types : di<! paclord 
tvpe, and the bag or dolly ty|)e. fn tin 
former, absorbent paper soaked in electro- 
lyte, is pasted to the inner sm face ol* the zim 
container ; the depolarizer, imiisti'iied with 
the electrolyte, is pressed round llie rarlxin 
rod placed ecntially in the contaiiK'r. (Jeii- 
crally, la rgc'r cells are ('(‘iistna ti’d in (his 
inamirr. in iht' dolly typig as in llasli-lighi 
cells and other sm.ill sizes, the; carbon roil 
sUiTtannh'd by a iiii>:(!;re ol di-|j(;lail/.er and 
eleeti o!\ te, is ef>!i»pri- .‘-ed in(:> a dolly 

wrapoed in mu. Jin, and int roiliieed into tlu 
i‘onla.!n;.r along widi llu' «'lectroIyie. ‘ Inerl 
( c'lls ’ arr inanufac inref I di y, and ri'fpiire dn 
.iddiition c l wait r l^el'nre ii -!*. 
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The reactions taking place in a dry cell 
duniig di.scharge are summarised in the 
following equation : 
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/n . i .iMiiO.. ZiiiNHO.Cl. |- 

ILO ! MiiAs 

Dunn^ ilisfliargr, li)drogcii liberated by 
flic action of zinc on ammonium chloride, 
accumulates on the internal sui face of the 
container, giving rise to polarization which 
retards furtlicr action. Mangamsc dioxitlc 
acts as a <lcpolarizer by o.xidizing it to water. 
A wcll-constructed dry cell should show an 
e. m. f. of about i.r, volts, its output depend- 
ing upon its size. It should be capable of 
being stored foi «ev('ral months without 
deterioration. 

Due. lo iheii jiuitability and ease of 
working, dry celts are e.vtremely eonvenient 
.sources of idectrieal erungy. 'I’tusc are 
e.xteii.si\(dy used in ilash-lights (torches), 
medical iastruments. post and telegraph 
<‘qiupmeni, and various electrical applianc<-s. 
The Army requires tliem fen' signalling 
lights, field telephone.-', radio and aircraft 
iommunieafion in-lruments. ef<-. 

In the iiianutacture ol dolly type cells, 
lolled zinr .sheet or iibbon is u.sed for the 
i'onlainer ; it should have, sufficient tensile 
stnmgth, and stillness to withstand manit- 
facturing operations. Impurities such as 
lead, cadmium., c.o]rper, iron, arsenic, an- 
timony and tin, .should lie as low as possible 
to enable it to resist tin; corrosive action of 
the clec.troly t< . It is amalgamated by treat- 
ment with a weak .solution of mercuric 
chloiitle, to increase its corro,sion resistance 
and to pnaent jritling of zinc, (ienerally, 
sheets of ti-}{ .gauge iSo. (o.oi 2-0.0 ifi" thick) 
are usc<l fur Hash-light cells, and thicker 
.sheets, fot < ells oflonger file. 

riic inaieiials ii.s<'d in ilie luanufactun; 
ol the dolly, which is the; lomposite anode, 
are carbon rods, manganese dioxide, acety- 
lene sfK)t and lamjiblack. The eaibon rod 
should be straight, dense, anil of good me- 
chanical strength. It should have longi- 
tudinal surface giooves, t(>r better contact 
with the depolarizing inixturir. It is usually 
manufactured from coke or retort carbon of 


high purity (ash content, 5 per cent.;, and 
very low electrical resistance. The rod is 
generally lightly jjaraffined, in order to 
prevent creeping of the electrolyte to the 
brass cap. 

The efficiency of manganese dioxide, as a 
ilepolarizing agent, depends upon its che- 
mical composition and physical structure, 
such as particle size, crystalline state, etc. 
The ore (pyrolusite, psilomelane, etc.) 
should be free from metallic impurities, and 
is ground lo Go mesh. In many cases, the 
adilition of artificial manganese dioxide, u}) 
to 10 per cent, of the ore, enhances its 
depolarizing action. ^ 

(Iraphite, up to about one-fourth tli<; 
wl. of manganese dioxide, is used to inenrase 
the electrical eonduetivity of (he latter. 
Tlake graphite is ])rcferred, but usually a 
mixture of crystalline and amorphous varie- 
ties is used. It should have a minimum 
carbon content of 85 per cent, with the 
fidlowing limits for impurities ; Fe, 2.5 ; 
(!u, 0.03 ; Ni and (lo, 0.03 ; As and Sb, 
0.03 per cent. ; a.sh, to per cent. ; and at 
least 83 per cent, of it shouUI pass through 
200 mesh sieve ilnduslr. (.lion., 19.17, 23» 3f • 

Acetylene soot i, added in small quanti- 
ties to the depclarizing mixture for increas- 
ing its porosity. It shculd not exceed 3 
per cent, by wt. of the total carbon coment. 
l*’lncly-divided lampblack is also added in 
small quautitie.s for assisting contact between 
the relatively larger particles of mangane.se 
ore, graphite particles, and the electrodes. 

The electrolyte is a paste consisting 
mainly of ammonium chloride, zinc chloiide 
and a gelatinising substance. Amrncnimn 
chloride, which is the main ingredient, 
should loc free from copper and iron, as 
these would .settle on zinc and form harmful 
local galvanic cells. Usually, white powder- 
ed commercial grade, containing less than 
i per cent, ash, and an equally small per- 
centage of moisture, is used. Some dry 
ammonium chloride t^io-13 per cent, of the 
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^vt. of tin- (lolly) is also added tc the*, 
depolarizer. 

The electrolyte consisting of a 2o"/„ .solu- 
tion of ammonium chloride, has a severe 
corrosive effect on the container. Zinc 
chloride (7-10"/, ) is added to resist its cor- 
rosive action, as it minimises local action. 

Small qnuntiih's of calcium chloride ( 2-3 
per cent, of paste) and magnesium chloride 
are added to the electrolyte, on account of 
their water-retaining jjropcrties, and also 
.some mercuric chloride to effect amalga- 
mation of zinc, and to prevent the growth of 
moulds and micro-organisms in flour or 
starch. Gelatinising substances, for pre- 
\’enting spilling ol’ electrolyte, are rno-stly 
flour and starch, although agar-agar, gum 
tragacanth, and plaster of Paris arc some- 
timi^s used. 

Zinc cuj>s Ol' cans arc prepared cither 
by rolling or drawing. Smaller sizes, such 
as tho.se. used for flash-light cells, arc made 
by .soldering rolled pietvs with blanked bot- 
tom discs. The cups an* grooved about 
}" from tin; top, t(j make a .se<it for the tO]) 
cardboard washer, over which the scaling 
(ompound is j^omed. .\ paraffined star- 
shaped cardlxiard is inscrti'd at the bottom 
of the ran for insulating the dolly from the 
can. 

I’o prc]iai <‘ I he depolarizing mi.vtnrc. 
manganese dio.xide, graphite, soot and lamp- 
lilack, together with some ammonium 
chloride and zinc chloride arc mixed in 
rotating drums, and moistened with the 
recpiisite (piantity ol’ water. Tin; mixture 
is then fotved through a sieve to eliminate 
.small lumps Ibrinetl diuing mixing. Tor 
preparing dollies, this mi.xiure is ])re.s.sed 
rotiiid carbon (fleet rodcr ; or the elcetiddcs 
are forced into eylimlers moulded from it. 
The dollies thus prcpanxl are wrapped 
lirmly w'ith cloth and tied with twine. 


tion, and adding the gelatinising . ubstaiu.c 
..lowly, while the soliilion is thoroughly 
stirrtxl. In btiilding the cell, the dolly is 
dipped in the chx troly tc to wet the cloth and 
to e.xpel air bubbles, aiul inserted into the 
ran. It is centered and held in silu by 
means of cardboard w'aslioi>. 'I'hc prepared 
dcc'rolytc 's poured into the can, up to 
the top edge of the (hilly ; it should not 
touch the carbon rod. The expo'-ed por- 
t-on of the carbon tod is lightly paralUned on 
the outflde, and its upper end fitted with .i 
brass cap. I'hc electrolyte is usually gelatin- 
ised round the dolly in vlii. by heating the 
cells in a water bath at a suitable tempera- 
ture. The cooked ((.flls are (pienelied in 
cold water and lelt open for ■>}, hrs., beliue 
scaling with shellac or bitinninons eontpu- 
sition. Sometimes self-gelatitti.sing electro- 
lytes are us(;d. 

riie cells arc nc.vt wrapped in paper, (ir 
placed in cartons and labelled. For Itat- 
tcrics, unwrapped • aflls are a.ssem’>lcd in a 
bo.x scparatt‘d by parallined c ndboard 
strips, the intervening space being Idled 
with sealing com]ionmls. brass strips ar(; 
.soldered to the terminals to make iiiier-ccll 
connections. Sometimes .1 vent hole is 
piovided to allow ammonia to l•s(•a|)l•. 

Finished lells are ^nbjci 1 to ngiilar 
control and servile tests. A deleclive r ell 
is usually detected b) momentarily sliort- 
eireuiling it througli a low resist. uue (le;ul- 
beat' ammeter and i:otiug .he maximum 
deflection of tlie needle; sueli cells give 
lower readings. .\ t erlain pnqrortion 4if 
linislied cells, selected .tt landoin. is 
subjected t») service t«’st.>, ^\hicii includc 
ineasiircmeiil ol <e)en i ireuit rollage, 
internal resistam t*. polarization, oiilpiif 
eapaeity. and sitelf-Iile tests (hxmI cells 
have a life of nioitilis. 

The fu st dry ( eli lai toi \ in India \»,is 
set til) in 11)26 by the Fv.'i'eady (V>. <il the 
U. K. at Gos'sipoi'c, Gali utfa. In r.'»:i6, it 
was taken o\ er by the National ( iarbon Go 
of l’.S..'\. under tht' name, N.iti<ni.il GarlHui 


The electrolyte is ])iepared l)y dissolving 
tiie required ehrmie.als in definite propt r- 


123 



Ill: \VKAi;ill OF JXDJA 


( •<»• (liKli;iy. Mcssi.s. J( .>( o (i’licii i( ^ils ;tM(l 
Allird liifiusliics, !}onil)ay, roiniiiciu ril [>rn- 
duc iioii in ( oiupaiiv was 

rriinnicd Ivsirclla IJalk iii s Lid. I'K ioic die 
Iasi war, lw<i wcrr tlur onK omipauic's 

in ( xisU'Mcr, and arc now ihc la!;^( st prn- 
«M!<:crs of (Ii \ ccllsiii India. Snl.)sc(|!»cj;il\ . 
!vvo <»Llu'r tcuccMis, liaroda 15altcn(‘s Lid., 
Uaioila, and ATn( (» Lid., LoinhaA , oi snad- 
Icr capaiilN, came into exixicmc. l)n»ni:.»* 
die Indian piodiK lion wa» snlliJcni 

lo inevri llie c\j)aii(ied <leman(l. 

.\n;( o Idd. ^lo])|'rd piodnelion iii 
I)ul expect lo K Slime work in ’id. 'Two 
olhcr laclorics, mie .it Lombay wiih a ca- 
pacil) cd' J r, million i ells |)er year, ami the 
olliei' at (.alK)re witli a ( apac ity of f, million 
cells, are iilso < xi)eeted to ( (nnmcin e pro- 
Inetioii in 'id*. 

Mc^sl oi llu- maUrials mnccI in ilie in- 
(Justly (over 7f) |)ei' cent.) are imjKarit'd. 
'1’lu‘se iiulndc* /ine .slicels, carbon rods. 
maii,y;ane.se dioxide, jjfrapliiti‘, lampl'dack 
and soot, ebemieals, brass caps ami soldm*. 
IJelbre the War, (he animal imiMnls were 
valued at Us. h» laknv. During llie War, 
dif! U. S. A. exported tliem lo India under 
die I.ea.se-f.end Agri'emcnl. 

Indian niano;anesc cues base not been 
nsed mueii in dry e< 11s, ami mamil’ac Hirers 
have, bein imporlin?' die ore Irom die 
( :aiiea.Mis,^j<w.i and A!’i i< a. Joglekar. biibb.i 
Uamiali and X'erm.m {Hull, lutUr::} 

AVv. J\o. ipM ) have shown (hat mhiic 
oies li<•m llie (I. I*., and all<*r 

'I'iiable (i.Mimi i?l, n!,i\ be niilizcd in tins 
indn.sliv. l iw |;owdeied oi.- is roasn-el with 
j aiislie aJkaii ( lo |;ei ( ' nt.') and .iii osidi/.iiig 
agent (“, |•er((nt.L li dieii washed with 
\rat('r lo imiovi* soluble* material., and is 
aga/m loaslixl in air (Indian Pat, No. jdivp-)'. 
riie OH' till?: IK ali cl ina\ be used as a d('j) 0 ' 
lari'/nig agent, without the mldidon ol’ 
aililieial mangam'se dio\id(\ I’he Haroda 
I5;!lt(‘riis aie now iisiiig imligeijons on*. 

( Ic) Ion gi ajihite- i> exien.av cly used in Imlia. 
riiC' ash ei..ntenl ed' Indian gra’phite is too 
high. Aitilic ial graidiii - whieli is ,\h(» eni- 


ploved ill dry cell maiuilaelnre is not pro- 
diieed in riulia. 

At presv'iii, only di.dly ty[H'. cells are 
manulaeinred in Jiielia. Mo^:t ofthe eonceriis 
ii.se scini-aiitomatie or hand-operated ma- 
eliines, and only the N. (!. (h has a com- 
pletely aniomalie plant. Semi and I'nlly- 
anloinacie machine allhoiigli revi Hiring 
hr.ivy initial investment, are era)noniIi:al for 
higlu'r fiutiiiit. and give a liiMler prodncl, 
blit ihry rc(jnirc‘ .syslematie and ex|)(‘il 
at le ntil »n. 

riic* prodiiels mamiDn lui'i-d at prc'seiit 
im imic lladi -liglit eel Is ; rad'o balUrric’s, 
big moiiO“( (‘lls, small dry cells, sac elcmients 
dollie> , ami iiierl cells (cell:*: withoiil 
wafe r:, d’he so-c allc'd standard ecdl (diam., 
r* h" : le ngth, maniirae lured in 

\i‘r\ large mimbi is. Special ee.ll.s lor air- 
e r.ilt. e emnmmicMiiein and signalling are 
made by a lev. lirnis. During the War, about 
Pm) per eeaii. ed' production was ro'erve'cl Ibi 
delcmce* pm pipes. .Most ed'the prodiiels an* 
being *^0111 within the* eanmiiv. 

rile* pie-War prodmiioii ol dry eelL 
was i/! million cells. In '.| |, it*wa.s loi 
rnilliem e i'Ms oT which abeait 7'’) pe*r eenl. 
was inain.liu imed by the- X. (I. ’(!. and tla* 
reinaindc’r by the Iv'tiidla. l>atte*ries. In 
'}(), j)re)dm*tieMi dre)|)pr*il to lid million ee!!^, 

( eiiisvsiing (;!’ 7 1 miilions b\ iIm' N. (h (!., di 
millions bv the* IvsfreHa, and o..»;] millio;! 
b\ llu* b.iroda ]>.i( I* ri(‘:^. It is expeete l 
that b\ the' ('lid ol 'f)0 |)ro'lneru)n vviP 
im re'as.c lo i ",0 million cells pi r year, valm’d 
al Rs. Jjo Likhs. M he c apital inve'sled iii 
I lie* Indmiry is aixnii. Us. dll lakli.s, an ! i( 
give's e-mplov im’iii lf» ovei nic'ii. 

Indi.m mamilact urers are. now able! l'‘ 
eompcK' with the be'st imporic'd varie'ticn. 
both in (|naUiy and in price. Helbn' tli 
War, (he:y experienced serious coinpctilie) < 
from the l\ S. A., (ierniany, (lliina an 1 
Japan. riie (|iialily of the (Iliiiiese aici 
Jaj)anese products was nor high, but \hr, 
were ^edd at verv low i)i ire<. 
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Mos! cI iIk* iinpori.s an* liasli-l'^lil b.iUrriiS. 
SjXTial balli*ri(s arr iinportrcj only lo a 
small rx.tcrit. lii llu‘ val. <>1 llir 

former uas Rs. 19. G laklis, and cf llie lall(‘r, 
R.*?. T. 9 lakhs. Durin.i^ lliecpjiii(|ueimiinn (mkI- 
iiig ’30-39, the U. S. A. supjiiicd 70 [);t a n(. 
ol’ total imjXM'ls, lullo\Ne<l by (icrmaiiy 
ii | ])er rent.), ("hina iiu liidin.u; I lonnkonii: 
*7 per tent. I, VI, K. (7 jjer eenl.; and japan 
2 ])er cent.). Imports tji’dry batteries arc 
>nl)j(at t(^ a revenn<‘ (Inly ol ;;o pc«' c^*nt. 
'u! raJorriiL 


ACCUMn.ATOR OR SlORAUl IJA ItlUn' 

A slnia‘.;‘c Iriilcry c<n',si‘Nls t\\*) oi’ nioi.* 
.staundarv coimrclcd in ^(ric^, ai 

manulacinrcd as oiu" unil. A slora'.>e crll 
consists ol iWi* ni'. *'niil ir c'c('1 r« »drs <i: 
pi.lrs iiinnci'-a d in .!:i cNclinb r.s 

I’lu* two j ii Ijl »>i‘ ^un j'a«* 

balltay arc l(\nl-a-'id cells, and a.lkatiui* 
I’clls. In ilic lorinci', ll}: jid ili\e an l nc'.i- 
li\<‘ 4 ‘lerlrod» < .src in idc iij> df !c id pcr<'\id<- 
Pi>(.).n and sjH>n<.y/ fsid ri -.pci .nid 

ar(‘ iinmersrd In t!ie cfa l mb. tc '.d!!. snl 
j)Iairi(‘ Cicid ’. I lie ju rcc.idi' jiid ibis spun i\ 
li'ad arc la id in oiids. mad - ol' bsid-an;!- 
inony alloy. 

Alk.dinc I ( lU all' ol iwo kmd ., lie 
nit kcl-iitni t\pc -[•.dison i cll and 111'- 
nickcl-tsidmiuin l\j)c jnnyaiia- ccll\ In the 
lalison t*‘-il, lht‘ po ili\'c iirrda- of nlck*i 
ptMoxidc, and (lie ih L'Milvi*, in linlv ol iion. 
In (Ii(‘ jnni;n(M' cell, (he |)o-.id\..* is nick ! 
oxiilc mixi'tl wiili Iiii'li condiicl iinj ;fr;rp!ntc, 
or nickel lla.kes ; the n(‘ 2 iili\c is a ini\Oir«' 
of iron and c.idniimn oxides 'file tleclm 
lyl(! in !)«ali is .1 soliilion o!’ pi>i:is;in!n 
Indro.xid'- wilii sin dl finainincN .if hihinai 
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hydroxide, in a steel container. The actiN'C 
materials arc packed in perforated tubes and 
pockets, supi'Mirted in t^rids. 

The reactions taking place in the lead- 
acid cell during charge and discharge may 
he shown as beif)w : 

Disrliiirt^f 

: Avso, i-Pb viisb^ i -VbsOi 

Cihniyr 

'l lur c’hargotl crll thcrrlorc consists ot a plate* 
of lead, and a .second plate of lead peroxide 
separated by a* porous .separator through 
which .sulphate ions can migrate. Sulphuric 
acid is u.scd up during discharge, and tins 
brings about a <lccrcasc in the sp. gr. ot tlw 
«-lcctroly(c. During charging, on account 
of the rcver.se reaction, sp. gr. incrca-so?. 
The state of charge f»f a cell can be rcadib' 
dclcrmiued by measuring sp. gr. of the elec- 
trolyte. 

Sulphuric aiitl attacks die elecli'ochrs 
even when the cell is idle, and slowly con- 
\crt.s lead into lead sulphate, resulting 
ill gradual lo.ss of eapaeity. 'I'hese cells 
jcqilire routine maintenance, both during 
a< tivc and idle periods. 

Ill the alkaline eell. tiu- reai lion in.iy Ik- 
ve])vesenie<l by (he lollowing ef(uation : 

I ti.M Ii.irt 

Nit). jKOtl r. (:li.in;e Nit) jKOlIjlVO 

During ilurgiiig. NiO <»t ihe po.sili\'e j)laU- 
is oxitli/cd to a liigher oxide of nickel, NiO.. 
and ferrous oxifle in the lu-gativc plate is 
reduced to uictallie iron, oxidation and 
rcduclion being bioiiglil abiitil by oxygen 
and hyilrogcn liberated at the res])ectivc 
poles by electrolytic decomposition. The 
reaction during diseliargc is merely (he 
rcvensi-. The elecirolyte d<KS not undergo 
an> change, and this makes it dilheiilt to 


find out the state of charge ol' a'cell. In tlik 
type of cell, no reaction takes place during 
the idle pcriwl, and hence it can be left nn- 
attended to Ibv a long time. 

Kat’h cell consists of jxisitivc and negative 
plates varying in number and size, accord- 
ing to capacity, anti connected in parallel. 
l..ead-acid cells are divided into two types 
based on plate, .structure. ; • these, arc the. 
Plante’ type, and the Faun; pasted platt; 
type. In the fonner, the active material 
is lormcd elect ro-rhemically li’om lead of 
the plate, wh«;rcas in the latter, the active 
materials arc pastetl to lead giids which act 
as supports. Tlic pasted plate may lx- 
of the rn'dinary flat type, or of (he modified 
type ’Fxide-fronclatl) ; in the latter, (he 
active material is used in the Ibrin of 
c>Hndri( al i)rneils, enclosed in slotted rubber 
tubes, licld in lead grids. ’^I’his type of cell 
has come into extensive use, especially for 
electrical propulsion of trucks, tractoi-s, etc., 
and in marine and other sen ices. 

In (he alkaline type, the aetive material 
f)!’ the ])osi(ive is contained in perforated 
tubes and is held in a grid. The negative 
plate is of similar construction ; (he acUvt; 
material is cfmtaiiied in rectangular per- 
forated stci'l pockets aiul llxcd in a -grid. 
(.Irids, lubes and ])ockcts arc made of nickel- 
plated steel. Alkaline eclis are more robust 
than lead-acid cells and can stand vibration ; 
they arc also immune to serious damags- 
from negligence. 

Wiieii liilly cliaiged, a Icad-acid cell on 
open cireuit has an approx, e. m. f. of 
•_».3-_>. [, voll.'^', regardle.ss of its size, and 
an alkaline cell, about i.Jl volts. Automo- 
bile l)atleries con.si.st of 3 or (i lead-acid cells, 
conlaining 13 or 13 plates per cell, con- 
nected in series, and have a voltage of (> 
or 12 volts. During diseliargc, (he voltage 
drops down to 1.8 volts in a lead-acid cell, 
and to i.i volts in an alkaline cell. Fhc 
batteries should not be worked beyond 
thi-sc liiTiit.s, a.s repeated over-discharge would 
])ermarirntly injure them. 


I jti 
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The aipacity of a battery Ls tlic product 
•of discharge current itt amperes, and the 
time in hotirs during which thc! cui'rent 
could l>c drawn and is I'xpresscd 
in ampere hours ( amp. In-. ). 'I'lu; 
■capacity of a battery with cells in series 
is the .same as that of .i single rell, and 


The most important use of lead-acid ac- 
cumulators is in autoinobilcs where they art; 
required lor starting, lighting and ignition. 
The pasted plate type is universally used 
since it is capable of giving very high eiir- 
rent, on account of its lower internal rcsist- 
anre. Autointflnle batteries arc made of 3 01 t> 


LCAO-ACIO CELL. 



IM.RFORMANcr. CURVL (^1 l.l. II) ( I, (.1. 


that of a battery with cells in parallel is the 
sum of the capacities ol all tlic cells. .\ 
j 3-plate battery of 3 cells stores about 100 
amp. hrs. of energy. .\ charged battery will 
flclivcr O0-90 per cent, of the energy used 
it! charging, but as the battery breonu-s 
older, tin's elTieieney' drop,s sharply. 

lilectric batteries or act luiudatois are 
used in witlely varying iields. Tluw' lin<l 
e.xtcasive application in antoinobilcs. air- 
craft, marine .sen'icc and railways ; they 
arc also w'itlely used I'or radio vecei\ t'is in 
areas where there is no power supply, bai ge 
statiotiary batteries of electric aecuuuilatoi s 
arc used in hospitals, cinemas, etc., for 
•emergency purposes, 'ielephone services alsti 
require a number ofstoiagc batteries. 


t ells 11)111111 led in scr.'is .iiid their ia[)aciiv 
is ahoiil 100 ani|). In s. Diesel buses, wilii 
more tlillitiili .starling problein.s, re<inire 
i.r. Jj. 30 I'l j'j volt b.itteries, eontaiuiiig 
plates jirr cell, In railway eoacht's for 
liglits .mil Ians, |i'ad-ai id batteries are used 
wifli di.w liarge t ap.ieity of 300, ~lo, r yo 
and too amp. hr., me.ismi'd at the lt> In. 
laltr 10 a miniinmn of i.J{ volts |)er i:el(. 
baeli ttsuh is lilted with two batteries, 
tacli liatteiy' consisting of u cells (liuli.m 
Ky. Hd. Specif Iv.>.\-3(1 . 

l.ead-at itl li.tllei ies .ire use.d lor v.irioas 
slalionai y jjiirposcs, such as telephone oj)i.'ra- 
tions, .switch devit es. ojicratiou theatres ; 
anti in marine scivite lor ignition in in- 
ternal ttimbnslioii engines, l!)r gmiliring on 
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naval ships, and li>r suhinai’iiu: propulsion 
under water. Light- Icad-aeid batteries 
with non-.spilling ch^clrolytc arc used in 
aireraft l<»r engine starting, lighting ami 
radio. Reduction in wciglit i.s .secured by 
altering the eomposition ol’ grid materials, 
and de.sign of grid, and l)y using light alu- 
minium ef»ntainciN. 


I oison -r i.L. 
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In India, alk.dine Ijatteries are only 
ii.scd in railways I'or e«>aeh liglits and liins. 
I’.aeh coach is prosided with 2 batteries, 
e;ich containing if) cells. For this purpose, 
.ilkaline b.ilteiics witli di.scharge capacity 
< if 300, ^2;',, if)0 and 100 amp. his. mea- 
.^ured at the 10 hour rate to a ininimuin 
of i.i \elt per cell, are used (Indian 
Ry. Bd. Specif., I'’2). I’his battery cannot 
be u.sed liir starting j)urpo.scs, but is 
eminently suitable liir motor operation 
and ignition. It di'livers a moderate 
current, but is not capable of furnish- 
ing the peak surges for motor stax'ting. 
Unlike a lead-aeitl cell battery, it is 
not injured by complete tltscharge. Its 
life varies from 7-20 yrs.. depending upon 
.serv'ice eonditions. 


The principal materials u.sed in lead- 
acid cells are lead and antimony, litharge 
and red lead, sulphuric acid, eontaincre and 
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separators, and 
sealing composition. 
Others are vent 
plugs, terminal 
posts, connecting 
bars and strap.s, 
etc. 

Grids of lead-acid 
i;ells, which act as 
.supports for active 
materials, are made 
of antimonial lead, 
containing 5-1 a per 
cent. antimony. 
Antimony improves 
the How charac- 
teristics of lead in 
the mould, and 
gives sharp castings, 
iioth lead and anti- 
mony of high purity 
(‘)9-!) l^^’F cent.) 

should be used. 
Secondary lead 
from discarded bal- 
It-'i’ics is also bc- 


e?- 




1-^. BA rTF.RY PLATES 
^Courtesy of Messrs. Standard 
BatUrif^ lAd,^ Bombay) 


ing increasingly cm- 
jiloyed ; its • anli- 
mony' content i.s 
adjusted ' during 
melling and easting. 


are 



Gritl interstice.'^ 
filled with a 
paste made from 
lead oxides and dil. 
su Iphiiric acid. These 
materials arc subse- 
quently converted 
elect rochcmically in- 
to die active mate- 
rials of finbhed 
plates. Both red 
ead (Pb304) and 
ithaige (PbO) of 
high purity are used 
for making plates. 
Impurities in good 
grades of oxides for 
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battery purposes arc : SiO., 0.05 ; tla, 0.0-, ; 
Fe, 0.02; Cu, o.oi; lii, 0.0;,; Ag, o.oor'., ; 
7 .inc,traces; and chlorine, nitrates and ai'senic, 
nil (Vinal, Storage Batteries, n)4(), 23). 
Apparent densit), acid absorption^ paiticle 
size distribution, etc. are important con- 
sideiations. Litharge has the properly 
of forming a cement wlicn moistened with 
sulphuric acid. This propertj- of red lead 
is not so good ; it Is theiclbre mixed with 
a small amount of litharge for making the 
paste. 'Oie compositiem should have sufli- 
cient porosity while maintaiuijig cohesion 
and strength, (ienerally, a mixture con- 
taining 75 percent, litharge and 23 percent, 
red leatl is used liw lu'gative plates ; l<>r the 
positive plates it i.s made with a larg<* pro- 
portion of red lead, yi-Jlo per cent. Both 
red lead and litharge are at present manu- 
factured in India, and in '4.1, the battery 
indiistr)- coicsumed (io tons of litharge and 
120 tons of red lead. Small amounts of 
expanders, such as lamp-black, blanr Jive, 
charcoal, wo(k1 flour, etc., are used with the 
paste for preventing solidilieation of spongy 
lead on the linisiied plat**. 


Sulphuric acUl is used a>; electrolyte, and 
also for making pastes of active materials. 
It should be colourless and of e\ee|)tioaall> 
highpuritv (litr specif, viffe p. and only 
distilled water is used for diluting it to the 
required sp. gr. When fully charg«*d, 
the sp. gr. in the j)ortablet\ pes is i. 'if, -1.30, 
and in stationary batterie.«, 1.20. (^wing t«» 
the smaller si/e of the former. aci<l of higher 
strength is used to obtain the desired «)nt- 
put of current. In India, the animal con- 
sumption of sulphuric acid too |>L*r ceiu.i 
by the battery industry is .|io tmis (Rep. 
Heavy Chem. & Klectro-chem. Indu tr. 
Panels, 1917. 2;. 

Battery containei's and covers should be 
leak-proof and acid-resistant, and are made 
of hard rubber or ebonite, asphalt conijio- 
sitions, or glass. Hard rubber eontainers 
are employed for portable types, and thou* 
subject to mechanical shocks in .service. 


These have raised ribs, fitted at the bottom 
or moulded with the container, meant for 
ea trying and holding the plates in position. 
(JIass givTs better maintenance facili- 
ties and is used where size and .servici* 
conditions permit, as in wireless an<l lighting 
plants. Lead-lined vvood(*n tanks are in- 
variably used for large statainary batteri<*.s 
luid iTOy also be us(*<l in smaller si/<*s. 
Dining the War, polystyri*!!** plasfi«s were 
tried in the V. S. A. CVmtainers are usually 
tlivided into com[)arlments of two or more 
cells, and the cover is provided with a number 
of openings for terminal posts, and vent 
plugs, for filling. .Most of the lontainers 
;uul i*overs are imjjorted. R(*cently a. few 
firms in India have started the manu- 
facture of hanl rubber containers and lids. 


Separators are placed between tlu* posi- 
tive and negative plates to prevent contact, 
riiev should be porous to allow the* cli'ctro- 
Kte to dilfuse through thi*m and to 
permit elc*clrolv tic conduction, and should 

maintain suflicient 
mechanical stren- 
gth throughout the 
life of till* battery, 
'f’hey may be 
made of perliir.ited 
hanl rubber sh«*cts, 
porous lubber, 
glass, wood. etc. 


I’hc cs.seutial ic- 
(|uircmcnts oI'wihhI 
for .‘Vparatoi-s an* 
p<*rmeabilitv , strai- 
ght giaiu, freedom 
from knots, and 
rcsistauci* to th<* 
action of th<* elec- 
trolyte. .\tn tan- 
nins, volatih* aciils 
or resinous matter 
present must be 
removed and this is 
done bv boiling the 
sepaiatois in i p<*r 
cent, solution of 
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unit \v of' .Ml »v.' V. Slaiulthif 
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lauslic soda Tui two lirs., followed by 
ihoiouph wasliiiig. A .subsequent treatment 
in a glycerine bath gives extra permeability 
and enables tlic sejjarators to be stored 
w itl cut any danger of w arping {Indian For, 
r.ccjl. No. \c^2 ; Trotter, 1944, 

Fatteiy separators of wood ar^iMially 
pre pr ied fuin Port Oiford ^/iatnar- 

i)forisl(us( 7 UirM (A. Mnir.) Pari. |, a North- 
Ameiiean timber. (.)ther woods used in the 
U.S.A. are bassw'ood {1 ilia annricana lann.), 
pcplar {Ptfmlns spp.), M)ine kinds of pine 
{Pihvs spp.), nonglas fir [Psntdolsuiia taxi- 
fUia (P( ir-) J!iitt.J, e> press (Cvpressns spp.) 
and redwood, \Sninoia umfurrinns (l.ainbA 
Kiidl.J. 

Among Indian woods (Mpuxsus lorulosa 
I). Don (Himalayan (Cypress) and MiduTta 
ihatnpcca Linn. (Clfa?7ip)y when proptTly 
treated, liavc been found to be as good as 
Port Oiforel cedar. Adifta andifoUa Henth. 
Hook. f. (Iialdu) can be used w^herc the 
batteries are not subject to nic'chanical 
shocks, but the wood is adversely affected by 
the electrolyte {Indian Far. hrafi, lor. cit. ; 
hidian Fcr. Ihdl.y Ndx Snii Sj No. Jq.pp; 
Trotter, Icc. cit.). Wooeien s<‘parate)iy arc' 
gencially made fre.m sawn xencors, and 
oceajunally frcni pec'led venec’rs. (Jrooves 
arc cut on one side ol' se parators to allow 
eiiculation ol elcoliolyte, and free! passage 
lor sediment to .settle*. 'I lie wood should 
Ijc ] i(4:erly seasoned and the! rneasture 
cci.tent sl:ould be inaintaiiucl at 20 jrcr 
cent. At pre.sent separators arc- mostly 
im]K)rtcd. 

Ollier ])arls ol’ a le*ad-aeid battery are 
( e>nii( eiii.g bans and straps, teTininal posts, 
vent pliig^, etc. 'fwo connecting bars arc- 
used to weld group c»l* positive and negative 
plates in a cell. Lxtcriial connecting straj^s 
of lead en* i:eni-c('ii<»sive metal ca.^lings 
(enii.cct ilic cells of a battery in .se-ivice. 
Teiivinal jests are nj.waiel extens’oiis of 
le i.rccili g Lais that j-; ss through the lioles 
of cell ecAiis. ll.ese are fe.r connecting the 
( ell*? in series, or iLt l;a!t< ly witli the* mains. 


Vc'iit Icings are screwed on to covers for 
j3reve*ntion of spilling of acid, arid for escape 
of gnis. Blown asphalt of m. j). of about 
soeV'F. is usc'd for sealing c-ell cover to the 
e*ontainer. 

Alkaline batteries, altliough similar to 
to Ic'ad-ac'id txpc's in construction, employ 
dilfcrcnl materials. The grids, tubes and 
j7ockrl.;, for active materials arc made of 
nickel-plated steel. Materials usc'd for 
fiHing lub'C's of jiof.itive plates arc! nickel 
oxide, flake nickel and gra[)lnte. 'Phe 
two latter iiu rea.'?e the c onduclivity of 
the jicTOxhle formc-cl. 'The negative plate 
tube is filli*(l with a mixture of mctallie 
iron, ferrous oxide and mercuric oxide in 
Kdison cc-lls, and with a inixlnre of iron and 
c admium oxidc's in Jungner cells. Caustic 
pota.sh (if) per cent, solution) with a small 
c|uanlily of lithium hydroxide is uscxl as 
elc'ctrclyte. Its sj). gr. should be 1.19-1.23. 
Sej)aralors arc macle of' hard rubber, and 
the c.ontaliier, of nickel-plalcd steel. 

In the mamifac'lnre of lead-acid cells, 
plate grids are fust cast from lead-anti- 
mony alloy. About 14. lb. of the alloy 
(Sb, 8-ic»'‘ ,.) arc* reejuired for a (i volt hattc'ry 
of 13 pla.l(*s. 'The giicls are 2-3 mm, in 
thickness, and are clc-signc-cl to' liold the 
active' material (irmly, the usual dcsigll^ 
having siraiglil or diagonal cross bars. 
Machine- castings arc made Ibr large-scale 
production. Negative grids arc gc'iierally 
lighter tlian tb.c p’osilive grids as they an- 
subject to less corrosion. Terminal posts, 
screws and eoncliictors are similarly cast. 
Cbst grids are trimmed to remove! c'dges , 
lugs which connc'cl grids to eonncriing 
straps are cut to the rec|uired length. Tin- 
grids arc- next clc^ansed with a wire brush, 
and the meshes |)astcHl or ])aeked lightly 
with a rc'asonably stiff paste of Icwl oxides 
and dil. siiljdnirie acid (sp. gr., i.io or less). 
Pasting is generally done by hand, but for 
large-scale production, machine' pasting 
may be adopte'd. The jxisted jjiatc's ai< 
dried to liarden the joaste, and careluII^ 

' formc!d ’ ( Ic-ctrolvtic'ally in a tank contain 
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ing dil. sulphuric acid. The anorle plates 
arc connected to the positive, and the ca- 
thode plates to the negative siii)j)Iy terminals. 
During this process, the oxides in theanodtr 
arc oxidized to lead peroxide, and those 
in the cathode, rcdnc.erl to spongy lead. 
The formation of plates is ivomctiines 
carried out separately, using dummy plates 
lor the .second electrode. In large-scale 
manufacture ‘ forming ’ is done in as.sernhlcd 
cells. 

The formed plates arc washed, dried 
and assembled into groups of positive and 
negative plates fi)r cells, by burning plate- 
lugs to rcs|iective connecting strap.s, which 
in turn arc burned to the piojecting ter- 
minal ])osts. In building a cell, separators 
are placed between alternating anode, and 
cathode plates. In every cell there is one 
negative plate more than positive plates. In 
a i3-]>late cell, there are (i positive and 7 
negative plates, and 12 separators. The 
ceil unit is in.sertcd in the container, Utls 
are put on and fixed to terminal posts by 
binding sen-w.s, and finally .scaled whh a 
sealing composition. -\ (i-volt battery con- 
sists of 3 cells connec.ted by lead connectors 
buincd'to the projecting terminal posts. 
When a new battery is to be put to use, it is 
filled with dil. sulphuric acid of reepered 
.strength and charged according to ins- 
tructions of the manufacturer. 

In the manufacture ot alkaline cells, 
])crfoiated tubes for positive electrodes math* 
from nickel-plated steel ribbons are tamped 
with the activtr mateiial consisting of alter- 
nate Ifiycrs of nickel oxitle anti nickel or 
graphitt; Oakes. These tubes are then 
clamped tt> a punchetl steel grid under 
pressure. For the negative plate a nickel 
plated steel puncliing having a .scries of paral- 
lel openings is used for the gritl. lo this arc 
fitted perforated nickel-plated steel pockets 
filled with the active material. The pockets 
arc fixed in the grid by pressure. Group* of 
ositive and negative plates arc made 
y fitting them to respective connect- 


ing rods wdtich pass through holes at the lop 
of the tubes, and are separateil from cacli 
other by means of washers on these rods. 
Groups of jilate;; so matle are then inler- 
meshed with hard rubber separatots to 
form a cell, and cell.'* are inserted into ..(cel 
containers, and lids are welded. Pole pieces, 
where they project (hrongli the lid, arc 
insulated. The electrolyte is filled through 
a filler cap on tlie lid and several cycles 
of charge and discharge arc given lo stabilize 
the electro-chemical characteristics of llu* 
batterv. 

Ilattery manufaelurc slarlctl ui India in 
’33, and prior to the outbreak of the War, 
only one or tw'o firms were in proiluction. 
Owing lo (he impetus given by the War, 
there are now five major concerns, in addi- 
tion to a number of smaller ones, locateil in 
Galculla and IJombay. The large inanii- 
factiirers arc : (he Amco Ltd., Bangalore ; 
(he Standard Batteries Ltd., Bombay ; 
Kstrella Batleric*s Ltd., Bombay ; (he Bharat 
Battery .Manufacturing Go., G.dcuUa, and 
(he Glih iide Islcclrieal Storage G)., G.1I- 
culta. During the War, their factories wore 
working nndei the statutory control of the 
Government. 0 <ily portable pi.sl.\l type 
of leatl-acid h illerirs are m iniificlnre l in 
Indii. Amco Ltd. also produce some types 
of hattc l y plates, rec|nired for (rain lighting 
cells. .\Ikaline balti'rirs are not mamifac- 
(nred. 

rile, ((iialily ol Indian batteries is (|nit<* 
coin])arahle with that of imported ones. 
.\honl <)o jjcr cent, of Indian proiluclion 
consists of inolor ear bat(eri«.*s. The pre-war 
proiliiction w'hs about 3(>,ooo batteries. In 
it increased to 122,000 rluc to heavy 
thanand for defence purjxxses. The present 
output is about 3t)-4ll thousand batteries 
per year. Indian rc(|uircmcnls have been 
estimated at 73,000 miits, and the iJost- 
War 3-ycar target has been fixed at i<X)- 
125 thou.sand batteries per year (Rep. Heavy 
Chem. & Elcctro-Chcm. Industr. Panels, 
loc. cit., 49). 
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'The piT-war aiiiiiial im|xiits mostly from 
the U. K. CO) vfspondctl to about 40,000- 
50,000 battnies at Rs. ib-ao per battery. 
Ill atlclitiou tn tlicsc, number of batteries are 
impprtecl as standard eqiiij)in<*nt of elutssis 
ol‘ motor t ajs, ryclcs. and lorries, estimated 
at 2'..>,o,()()-23,o(io batteries per year (Rep. 
Heavy (Ihem. & l'ilcetro-( 'beni. Indiislr. 
Panels, loc. dl., 50). 
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BEARING MATERIALS 

Heajin.ifs are used to proxide lotatiiit; or 
sliding contai t. between surfaces to i-cduee 
friction. • A. great \ ariety ol' materials are 
used; foE •.beatings, the most imporUmt of 
whieh'are’ bearing metals used in maeliines. 


Wood, glass, plastics and other materials are 
employed to meet special requirements. 

A licaring metal should have low co- 
cnieiciit of frietion, liigh compressive strength 
at working temperature, good wearing 
c|ualities, and sufficient (dasticity to com- 
pensate for minute irregularities in the bear- 
ing or shaft. It should be able to carry the 
weight of the shaft, and .sudden load fluc- 
luation.s without llowing out or cracking 
(Coree, liearing Metals and bearings, 1930, 

11). 

There are two main types of bearing 
metals: anti-frielinn or white metals and 
bearing bron/es. The li j mer arc used as 
thill linings on bearing shells and are .spe- 
cially suited to light loatls at high speed and 
pressure, and tin- latter, ibr east bearings 
which ha\e to withstand high pressure and 
temperature, ;ind Ibr beaiing sliells. 

Anti-friction alloxs generally contain 
lead, tin, antimony aiul lopper. 'I’lieir 
structure consists of hard grains in a re- 
latively softer matrix. Tin- gi ains resist wear 
and take the load, while tlie matrix allows 
an adjustment I(m- a\-(.>iding local- pres- 
sures. There are twti main types of anti- 
frh tion alloys .'v':.. the lea»l-base 'ami the 
tin-base alloys. bi the li>rmi r. the matrix 
is mainly an alloy of lead. ;ind in the latter, 
of tin. 

Lead-base alloys are nnnparatively .soft 
ami arc used Ibr low |)re.ssuies and slower 
speeds, as in railway and tramway bearings. 
In these alloys, antimony increases tensih- 
strength, and hanlens lead. When jircseni 
in more than 13..") per cent., it tends to in- 
crease the brittleness of the alloy, but this 
can be overcome by the .iddition of tin, 
which makes it tougher. .\n alloy eontain- 
ing 13 percent, antimony and 15 per cent, 
tin has the best mecham'eal projierties. 
(lopper, in small amounts, hardens and 
strengthens the alloy, and prevents .segre- 
gation. Nickel is oeeasionally added in very 
small amounts to imj>ro\'t- wearing qualities. 



]5KARING MATKRJALS 


Tin-base bearing nielals, nlso ealled 
Babbitt’s metals or Babbitls, aiv siijicrior to 
lead-base alloys in strength and hardness. 
They arc used for light loads and high speeds 
and for pressures considerabb' aboxe the 
normal, as in automobile, aero- and diesel 
engine main bearings. These are light and 
have low fluidity, but are e\|)ensive. 

Some anti-friction metals for use in auto- 
mobile pistons contain high ])roportious of 
zinc or aluminium alloys. 

Bearing bronzes are mainly eopi)er-lia 
alloys containing o/., lo-ij per eiMit. tin. 
These comprise ])hos|dior bron/es (!u-Sn- 
P), gun-metals (fln-Sn-/n:, and leaded 
bronzes (Cai-Sn-Pb), and contain hard 
])articlcs of tin-copper in a soIum* matrix. 
The copper-tin alloys are used only for ( ast 
bearings. Another l)earing bron/e whieli is 
a comparatively nxc'iit de\elopment is 
the copper-lead alk)y, also known as ‘ lead 
bronze.’ This consists of soft particles of 
lead in a hard matrix of tin bron/e alloy 
(Corse, loc, ciL, •22) and is usi'd (iir thin 
eastings on steed sli(dl<. 

Phosphor bron/(‘s gtMierally c (Hitaiii 10- 
12 per cent, tin with a vniall percentage of 
])hosphorus. Ph»>s|di()rns increases the hard- 
ness and tensile strength and the ratigm* 
range of bronzes. It also ai ls as a deoxi- 
dizer and improves their easting (nudities. 
These alloys can stand hea\ \ loads and high 
])rcssiires, and an* preferred to gun-metal 
for gears, slide* \al\cs and Journal Ix'arings, 
on account of tludr superior bearing (pudi- 
ties. 

Cuii-mclal, e<nUaining j-ti per cent, 
zinc, has good casting (|ualitics: and snfli- 
cient bearing properties, and is u^cd mainly 
in complicated castings for railways, ship- 
building, motor, and all collier (Migiiiccring 
industries. Zinc slightly impnnes casting 
properties and acts as a deoxidizer but does 
not appreciably affect its mechanical proper- 
ties, such as strength and impact ivsivlanec. 
The most commonly cmploycxl zinc lironze 


is Admiralty gim-metal Cn, IW ; Sn, 10 ; 
Zn, 2). In Admiralty gun-metal tin 
may be replaced to a c<‘rlain extent, by 
twice its weight of zinc without altering its 
general proj^erties ; tlu'se alloys arc kiiowu 
as modified gim-mclals and are considerably 
cheaper. :\ common modified gmi-metal 
used in this country c'onsist ’ of <13 per cimt. 
eopi>er, 3 per cent, tin, 3 p(*r ( cnt. zinc and 
3 per cent, lead, but it is not satisfactory 
owing to rednelioii in tlu* dilf’ivnee in 
hardness between the matrix and (Ik* hard 
|)arli(*It*s on aiaounl of (lit* iiierease l na* 
ol‘ zinc. 

laadcal bronze's eonlaining uj) 12 |>cr 
cent. lead. i)oss(‘ss increased |)Jastieity due 
to the pirseiu'e ol' small |)ar!ic.le> ol* lead, 
good anli-frietion (|iKdilies, and Miperior 
wcxiring (|iialiti(‘s ( lopper Dexeloj). Associi., 
Bc'aiing Bronzes, 1(133, 'Hu 'e are used 

for beaiings in wliieh hibritalion is nol 
v(‘ry good, /.«\. in east's when* tlien* in ly be 
temixirars faihire in iht* supply ol* oil. In 
such eases I(*ad partieh's le^sf ii lie* d uiger 
ofdaiuagi* to lh(* shale 

Lead bioii/es eonli abr.it ‘i3“3o 

per cent, le.id, and a small anoiint ol' liii 
up to i ’ , h:i\(* low eo-('llicient onVieliou, 
lligl* thermal eouduetivity, and high la-sis- 
lauee to wear. These are used in p!ac<* ol 
w hite melals lor higher speeds and he i\ ier 
loads, as in higli-duly aeroplane*, aultnnobile 
and diesel engine erank-shali bearings, elc. 
'rh(*ir plastieity about ihe shall is inferior to 
that ol' while mt'lals, and spi : iai tci hnitpK* is 
ri*(|uir(‘(l tin* l asting iIk*s(* al!(»\N inn* bear- 
ing shelb. 

(iraphile, owing lo ils lowci* e i-elli -it'ai 
of ITit lion, is sometimes mixed with bronzes 
and anli-lrielion melals to I'orni ‘ grapliile- 
bearing metals.' Owing n» iheir pfn(:s!i\', 
they absorb lubricants and i!k*v* alkiys 
are used in i lo^ed mat hiiie;. rypie.il 
compositions are: r/ Clu, !>3.'V'd'>r) i 
811,0.3-10.3; gra])hite, i p * c m . rn ix.; 
h (ai, : Piu a S.i, b-o p.*r 

(•(‘111. 
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(Jlosr-graiacil cast iron wUli low silicon 
and maximum carbon content is used as a 
bearing metal with hardened steel. It 
wears iike bronzes and can stand oc<-asional 
failure of lubrication due to its graphite con- 
tent. Clazed ca.st iron is used for soft iron 
and steel shafts. Owing to very rapid 
wear, it has to be changed the moment it 
begins to cut. 

W<X)d is one of the oltlest bearing ma- 
terials and is still used mainly for large, low- 
pressure and slow-spccd bearings. Only the 
hardest wood is used, the best wood being 
lignum t itae obtained from Cuaiacum officinale 
Linn, and C. sandum Linn, of (.Central Ame- 
rica. During the War, Acacia sundra was 
iKscd as a substitute in propeller tail-bearings. 
Mimusofts litloralis (Andaman bullet wood) 
has been found to be a fairly suitable 
substitute (Trotter, 1944, 195 > >940, 

171). 

Recentl), laminated fabric-based mould- 
ed phenolic, plastics and some kinds of 
liylon are being used as b(*arings lor low 
load-speed ratios, atul moulded glass for 
bearing.s when electrical in.Milalion is 
required. 

A number of gem stones, e.g. inicrior 
types of ruby, and corundum aiul garnet 
arc used for pivot .supports in delicate in- 
struments, as jewel bearings of watches, and 
for bearings in .scientilic instruments. 
Steel is al.s<» us<-d in bearings for cheap 
watches. 

Prior to World War II, the Indian 
demand for bearing metals was mainly met 
by imports. The Railways, who arc the 
bigge.st consumers, also prtKhice some for 
their own use by refining non-ferrous scrap. 
Since the outbreak of War, imports rapidly 
declined and production has been under- 


taken by several Indian firms, who refine 
scrap with small quantities of virgin metals, 
'riieir products arc consitlcred to be equal 
to the imported alloys. 

In the manufacture of anti-friction metals, 
the ingredient with the highe.it melting 
point is first melted in cast iron poLs, and 
the others are then added in the decreasing 
order of their melting points. In the case 
of bronzes, a master alloy of copper and 
antimony or copper and tin is made, which 
is later employed according to requirement. 
Bronze is made in graphite crucibles. Prior 
to pouring into moulds, the melt is deoxi- 
dized by the addition of phosphor-copper 
or phosphor-tin alloy, an extra amount 
being needed for producing phosphor- 
bronze. 

The ajiproximate annual production b) 
Indian Railways is 500 tons of anti-friction 
metals, and 5,000 tons of bearing bronzes 
(Indian Ry. Bd.). 
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During the quinquennium ending ’38- 
39, U, K. supplied about 95 per cent, of th«’ 
total imports. Imports arc subject to a 
revenue duty of 30 per cent, ad 
valorem. 
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■I’HE WEAI.I’H OF INDIA 


BEER AND BREWERIES 

liccr is ail alcoholic hcvcragc produced 
by the Fen lien tation oF malted barley. Al- 
though the preparation oF Fermented be\er- 
ages has been ])racti.scd in India since early 
times, the art oF brewing beer dtK's not 
ajipcar to have e.\isted bcFore the advent oF 
lairopeans. 'I'he lirst brewery was started 
iiiMurreein i860. Since then several others 
Jia\e been established in 'diircrent parts oF 
tJie c( iintry. At present there are lour 
Kuropean managed firms who are control- 
ling most oF the important breweries in 
India. 
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riic two principal operations involved 
in the |)roduction oF beer, malting and Fer- 
mentation. rcf|uirc a coin|)arativcIy cold 
climate. The lirst breweries were, tliere- 
Fore, located on tiie hills in India, and even 
now, most < f the: malting is done on the 

hilN-. 

Harley suitable For malting should be oF 
bright yellow colour. Free From other food 
grains and dirt, and should gerniinatc readi- 
ly. Besides, the grains shoulcl lx; mature, well 
filled, plump and uniform, with a compara- 
tively low protein content (8-10 per cent.), 
and when cut they should show a chalky 


a|)])earancc. i ,o(K) grains of good malting 
barley should weigh not less than 30 g., 
a wt. of fjO g. per 1,000 grains being con- 
sideri’d excellent. 

There are two main cla.sses of barley, the 
two-row ed class \ I lordiwn distkhon), and the 
six-rowed class '//. rulgare). The former is 
.suitable For malting, and is used in Europe. 
Indian barley belongs to the latter class 
and is generally unsuitable. However, 
bjirely grown in some of the south-eastern 
di.strictsoFthc Punjab ifiiirgaon, Ferozeporc 
and Pataiidi Slate), and in certain districts 
of the U. P. iBiilandshahr, Agra, Muttra 
and Hardoi) has been found suitable for 
malting 'Re]). .Marketing Barley India, 
'fl-l.'ij 9 IL P., Bull. 
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BliER AND BREWERIES 


Rice, wheal or niajze arc the iisoal mall 
adjuncts, 'riiesc should be hilly inalurc, 
and free from exlraneoiis lualti r. Siune- 
rinies sui(ar or ,j,wis al.io added fo help in the 
clarificatit.n of beer and to increase its 
sweetness. Both bailey and the malt ail- 
juncls, used in brewint', should be complete- 
ly fi’ce horn fungus or insect attai k. 

Hops, which are added to impart flavour 
and to provide anlisejitic. mattiT to beer, 
consist ol‘ the female inflorescence of Ifinnii- 
lux lupulus, cultivated in Ihigland, luiro[)e 
and America. It has been introduced into 
Ka.shmir and (lhamba States, but is not 
cultivated on a large scale iii India i/iu/itin 
Aw"., in.ia. 3 , At ))n‘S(*nl, h(>j)s ai(* 

imporlod ( ;uimia.lly about [^() tons \ a lord 
iit Rs. oo,ooo duriiu; '3 Hops 
ronta.in : prolciu, r^-.? ] ; biltrr nrius, 
Lmiiin, ; rssrntial oil, o..)- 
0.8 ; and asb, 5-9 per ( (‘nt. 'I'lic (\ss( iiiial 
oil gives lli(^ na\'our, t!io r(‘sins p >sv<\vi anti- 
septic j^ropcrlies, and llic (anriins Indp to 
coagiiiatc .sonn' jn'olciiis. 

Yeast us<‘d in bn-wi beUaigs to tin* 
Sdcdunoiuyi'i's group. I’lu convert maitosc 
and ollu'r sugars inU) (lO.. and alrolio 
.y. ccraidar. Nansen, calb'd ’top yeast,’ is 
used wlieji renncnUiliou is ('arrird out at: a 
higher tem|)eratur(\ During llTmentation 
it is earned to tlic toj) of tlie vats by the 
rapidly evolving bubble's ofdO.j. .S’, carls^ 
hervaiMS .Hanreii is tlu' typical ^ Ijottoin 
yeast,’ used for slow fcnniMitation at a 
lower teniperatun'. During fcrinentation, 
it settles at the bottom of the vats. The 
brewers geiu'rally use yeast collected from 
their lerineiUing vessels. Unles'*- proper rare 
is taken to maintain purity of the yc'ast 
used succes.sivcly, it is gradually coiitaininat- 
cd with undesirable proportions of ' wild ’ 
yeast and bacteria. Many modern In eweries 
use pure cultures of special strains. 

Suitable water for brewing is of great 
importance. To make light, clear ale, per- 
manent liard water containing 50-100 gr. 
of salts should be used. A less hard water 


may be used for [loriei and stout. If soft 
Wilier is used, salts arc! addc'd in suitable 
proportions. Pliospluites are addt'd, if re- 
([uirccl, at llie woit stiige, to supply nourisli- 
mc'ut to yc'ast. CuubouiiUs in c*x»'f*.is of 

1- 'j parts of pcT 100,000 j>art.s of watc'i 
are undesirable. Tlie less of iiilratA's in 
wate r tlu^ bcUer, iis (liese (c*ncl to w<Mkc!n 
yeast. Piesencc ol' iron ;ilso is undesirable 
iis it alfects the* colour of beer. 

VVIiitc* oak [ihichits alhii) is ihc! best 
wood Ibr lie I nor ciisks, but is not available in 
India, (^it-rnt s dilatata^ scuuoirldfolia^ 

(Uuinitw {(jreicia lil(U'JuHa) and saiuLvi {Ov i- 
nia (Ifilhcr^itfidi's) are I'c'porteci to be good 
siibstilules (’IVotler, 19 [o, ibj; 19 I t, '^oy). 
Tlic se, bowcvei*, have to be p.iralfi ic'd, or 
otherwise coatc.'d on the inti'rior, as a pre:- 
caiitioii iigainst Ic'akiigc*. Pressure* casks, 
bottle's and rrowri cork aie i.i.rgi'ly imported. 

In the |)i\:p:iralli>;i of nidi fro;a \)\vl:y\ 
S('lee:t('(l gi'alns are* ste'epe I in w i(ei' in ('o:i- 
tainers liaving false l.)e;tlorns f)r .{8-70 
hrs., iit Water is run offe'vvry '.' t 

hrs. and intermittent a('ra.lio!i Ls giv^ni. 
The sleejx'fl bailey is (hen ' e'ouc.lu'd ’ or 
spiesidon the! inahing Hoar or a ii'cL uigul.u 
IVaiiK! e:alled ‘e'ouch ’ lin* in-i |. Iirs. iiL 55- 
tio“P. ami turned veay fivc|Ut‘iUly to in I’m- 
tain iinilorinity of moisture and leinpe.ri- 
tiire*, and for j)roper aeTatif)n. d’lie g 'rmiria- 
lion and mailing i; usually rom[)!elrd in 
7-8 da\s. Loss of m(»i:;tur.'.' is re[)l..*ui>In*(l 
by sprinkling \^'a^(*r, and unili»rniily of tem- 
perature is maintained by IcM-iing in hot or 
ex)ld air, as r(’(|nired. Lighter bailey m ilts 
more f|uiekly tiian lu*a.vier vaileties. 'riic 
.stc'eped mall is . tac ked in lieaps foi' \-ii days 
for wUlieiing. The witlu'red malt is tlieii 
dried in a kiln and the moisture content 
bi’ought down to about G pea* ccait. t)y iMis- 
ingthe temiicrature! slowly to 150"!'. duriiig 

2- 3 days. Ill the next G-8 hrs. the tempera- 
ture is raised further (fiir paJc ale, 190- 
195’T., for mild ale, a littli! higher, and lor 
porter and stout, 205-215'!’".). The dry malt 
now contains about 2 per c:eiit. moisture and 
has a biscuit flavour, i’he act ivily of diastase 
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and oihcr ni/ynics, developed during 
germination, is arrested, and the rootlets 
wither and drop oil. 

The diy mall Is ston'd in air-light con- 
laiiUTS and slu)iild not be allowed to gain 
more than moistun' IVom theatnios- 

plien'. l^iJTing niahing, starch in barley 
is 0!ily sligiilly aUarked (f| per eent.), 
and ilseoiivc'ision into inalt-saiuar takes place 
mainly in iln* n< \l stage. 

I'or rnasiiing, mall i.s t'(iar:ely groinid 
between rolUrs. (hist ;ni(! jneecs of nil’ 
TraHiilK'il greitns ere ^i(‘\e<i oil, givinr]*] line, 
and n.ix(d with gioiind nie.ll or gosl. Two 
rva lhodsol ina '.hing ;ii(' gi nerallv loiiowed : 
inniisjcai mesli'iig, li>iiou\iI m l-aigla-nf! and 
also i»i huhe and d('<or(!*>ii m»! j: *ae- 

{I:((l in larger breweyies. hirnaon masiaiig 
eoiiMsIs in addin.g walrr eJ. igbi’’. io gr^^i 
(‘ 2 -'j j)ar(s io » }>arl ol grisi), eael mixing 
die two in a. ;;oji|)e(' to dae i’oi sist‘‘ne.;v oi 
poriidgis Mai/e, ri<’(' or oilier graans, i.'sed 
as malt e(ljimet,N, :i\v first wa.shed. danr 
stareh gd'diir*/'Ml in a sl('ain-heatcd 4011- 
vertcr, and ihen added to malt grist. Iiiverl 
sugar, ghie 4 )se <ir raw eryslal sugar, if de- 
'iirc'd, is also aclded at this stagtx 

The mixed grist is then passi'd iiilo die 
niasli Inn, a eyiindrieal v'< ssel with :i lals** 
bottf/in oi’ peiforaled tnetal jdate. (f 
may b(' ol' wood, lined witli eopper, or of 
iron or alnniiiiium. 'f’h(‘ ])eriod o( inliision 
in llut mash om i; generally 'J hrs. and lh«* 
lempcrature is m.iiiilaiiied .it if) 0 "l''. I iidc'i* 
Kngiish eonditions of mashing, move iiilro- 
giMi is lironghl inie solnlion and stareh is 
ioiiv(‘r-ted Inti» maltose ;r)f)-by, j)er rent.), 
glneo.se and other sugars (ig-if) |)er leiil.), 
and (h xtrins pereent.). by regnlaliiig 

•file condiliou ol’ mashing, fhe proportiofi 
b< Lweefi uiallosc' anil dextrins e.an be. varied 
to suit the requireini'iits of tlie kind of beer 
to he. brewed. Tor strong beer with little 
body, or beer not to be stored or exported, 
more ofnialtose and less of dextrins are iiced- 
( d, but for beer to be exported, or for stout, 
nuire of dextrin is necessary to k<*e]) it spark- 


ling and to j^reveni it from turning 
arid. 

'I*he li([uor 4)r * s\\4*el wort’ is drawn olf 
llirongli perfi.'rations in llu* false bottom of 
the mash tmi. flie residin' is " sparged’ or 
washed with !iot water (r7()T\) sprayed ou 
them. In certain breweries the whole mash 
is ]>as.sed through .1 liller press. Tins enables 
the ns<‘ of finely ground malt and 
grain. 

rijr won is (hen iioilei! witii hops liir 
i- \ Ill's, ill tlie ’ coppers ’ or I'opper ves.sels 
lit|/‘<i witlisfiMiii Jaekel on losed siram pijje^-. 
This lioiling d( fi?t' i Ji.-'.ynHs, ;i.iul 

sii‘!‘ili/A‘s file woiL. 'rh<; rsM.)iiial oil and 
fhe bitter resins of hop.s aii* ('\( r;i.el(Ml, 
and tile proleiiis ceagnhio (i. in S(.im'.' tasis, 
liop; ai‘e aikhd 01 !o|.:, ibt' las' pi)! /ion 
iieing addl'd Ir.df ai: Imiir ailer roiling is 
iompli'le. 

^riie ^peiil hoj.»s ami liir r*.,a gulatcd pro- 
irins an' qai' kly srpa.iaird, a'ld the clear 
bright wort i:-: cooled .'md allowed to stand 
liirsomc lime / ^o-do min.} :vli4*;i sonu' s!mlg(‘ 
i> de|)n'*iirfl. 1 1 . is Him jiassid ou (o tiu' 
refrigerr.lors, u hich. (onsisl of Ikit ropper 
pipes tin'oogli wliii'li cold water or brine 
llous, am] iheiif e to tile lernienting \ai‘x 'TJu' 
rati'ol’ How is r(‘gn!ale(l according to ihir 
temperature at which wort is u> be fermen- 
ted. I’or top-fermenlation it e nters the fei- 
meniing vessi'l at anrl for bottom 

fermeniafion . Iag(*r bei'i’’ ii is cooled fo jo- 

The I’ermenling \4*ssels an* maile of 
wooiL or wood lined 'with copjier. \a*ss('i< 
of .sl.'iiniess slei'l, eemeiil or stoiicr are also 
used. In the Rawalpindi bn*w<*i y, jacketed 
alnminimn vessels are usi'd. ( lold water 
or brine Hows ihroiigli the jaiket to keep 
fhe temperature low. Othi'r typi's are fitted 
with cold water |)ipes or ‘ attemperalors." 
.\fler th(! vessels have been filled, and the 
density of the wort ad justed by mixing with 
weaker wort or washings, it is imj>regnated 
with veast. 
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The (quantity of the yeast to he used 
depends upon the strength and kind olT^eer 
desired. In kLnrope i lh. of pressed 
yeast per barrel ol* jral. is usual. Jn 
India lh. of i^ood thick .Mill* ycasi 

arg added per barrel of gal. of wort 
id^ ctL For wort ol’ higher (iensiiy 

(i.o6()) to whicli a larger <|uantity oi* hops 
has been added, yeast per 

barn* I are ret pi i red. 

In top rerineiitation, leriiK nlation he- 
roines fairly vigorous, within .} hrs. t>I‘ 
impregnation, and is usually eoinjilt te vvilh-^ 
in two tlays. Th<- temperature is not al- 
lowed to rise above by ailempera- 

tors. Yra.’^t rises to tlie lop anti lloeciilales 
forming a lirni spcnig\ mass. This is skim- 
med olfand preserved lor future use. 'The 
prodnc.ls of alt oholie. fermentation artr about 
", I per t:enl. (»f alcoliol, p) per cent, of 
(!0., jK-r ttail. of glycerol, with small 
(tuantitie.s ol' organic aeids, higher alcohols, 
t‘le. Acidity iiu'n'ases and the pi I I’alls frt>m 
3 I* 

In lanitun rt imemalion. as Ibr the pic- 
pararion of lager, llie wort alte r impregna- 
tion with yeast is kt jit at a (t inperatiiie oi' 
t r’F. Ibr LVt hrs., * llicr dead perio(J.' ft is 
then Iransftart'd u> ieinuaiting vessels, and 
ferinenta(it>n is allowed to proteed more 
lu’iskly at about It is t ompleie altt^r 

about 7-10 tlays and vtMsi settles at the 
lioltoin t^f tilt* vats. 

After lenneiilaiion is coinpleti', beer is 
allowt^d to slant! Ibr abt>iil tVM> davs, when 
some inort' ycasi settles down. ft is then 
nm oil’ (raked) tiiher* into slt>ragc vsils or 
t asks for maturing, or is Ijoltled lor iimiie- 
diatc issue. Sonu* i)n‘v\i*rics, like the Murn^e 
Jirewery, collect (lO. ])r()(luct'd tluiiiig fer- 
mentation, and nsi‘ it i'or carbonating stor- 
age beer. After raking oi* removal from 
storage vats, beer i.s fillert'd. Lager i.s low 
in alcohol and roritains a higher percentage 
of extract. 

In the tvUlev ‘ krausing ’ prot ess, beer is 


iiiaturcd and carboiiatetl by storing it iii a 
cellar at ;^•2-3(i■’F. for 2-4 weeks. It Ls 
tlicMi transferred tt> jire.ssiirc vessels, aiitl 
mixed with per cent, of its volume ol 

beer in the lii*st stage of fermentation. Slow 
fcrinentalioueoiitinnesaiid be«‘rgels <‘h;irg('d 
with CIO . ( larbonat ion is allowed to eon- 

tiiiiie l(»r weck.s till liar eoiiceiil ration of 
CX>^ leaches o..}r,-o.r,2 per cent. (bywt.). 
'I'his is then stori*d for anotlu r vvi'eks. 

hi the* modern i.irbonaling proci'ss, 
bee r is alhvwed to feriiiciit to compli‘tu>n 
aiul to settle for some* time*. It is then 
pinnped into a storage i*ellar, cooled to 
4r>‘'F. and stored ^-(i weeks, for settling and 
mellowing. After filte ring, earlion eru.>xide 
is passe d in until 'J.y veils, ofga^*- are absorbed 
(von laM'seike*, .f-giL 

In .some e ase-s, s[jeeially when Ijeer is to 
be.: e'onsniued before siinie'ie*iit time is al- 
Ie.)we*d leu' claiilication, ” linings ' are* addexl, 
at the- ran* e>f j-l> pints per banvl. d'her 
lining.s nsuallv' consist of a .solution of isin- 
glass (tv/. II). in a barn)). ‘ l)iy liop|)iiig," 
the- addition of one* half to one 11). of hops ol 
the* line St (|nality to a barn*I of be*er at the 
time- of laking, c-nhaiu'es its llavonr and 
kee ping cpialitie s, and also clarilies it. Se>rne- 
tim .s bee r is pasle uri/.e-el alu r bottling, the* 
bottles being Iu*ated liy immersion in hot 
vva.ler at 1 ;}t >- 1 .yi.''!’’., for abeuil ibre'e- 
epiarlers ofan liour. 

beer lonsieitaeel to be iiit>re lixid 
supplement than a stimulant. Its aleoholie 
eonte-nl is low (d'f) P^’*’ leail.), and it eeiu- 
lainssome niitrie-nls in tlu* form ol’eleslrins, 
Migars g.. leK) e . e .) and elig<*ste'd 

prole ins yei.g-o.^ g. 100 c. <•.). The hops 
rc.sins present in it stimulate appr-lite* ami 
iiidire'e ll\ aid dige'Sliein, It is for tiuse 
ivasous lliat beer is more* liglilly taxi'd than 
tglu r ale(>he)lie-. b(*\e'rae;t*s. 

V'ariations in theepialitv ofbeea ^sireiiglh 
eif alcohol and the c(uanlily and nature ol 
e-*xtractives) depeiul on the* cpiaiility of mail 
and malt adjuncts use^el for the ])r(*p«a ration 
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oi’ wort, 1 Ilf; aniotuit of lioj)s added, and on 
the conditifHis of fermentation. The al- 
eoliolic strength of the usual types of beer, 
proilueed in India, does not exceed 7.5 j)er 
cent. l)y vol. corresponding to a sp. gr. of 
i.o()5 of the wort. In soutli India a cheaper 
beer, c.allcfl Tavern ale <jr Cfnernment beer, 
is produced, and the I'Acise Dep. controls 
the quantities of mall and hops used (betl- 
fordj'lVeh. Kxcise Manual, lyiG, 1 10 & 1 iG). 

COMPOSITIO.N OF BI'.FR AND ALI.ILD 
IT.R M I'NTtlD jn:V t R AOF.S 
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I & 'j, MiClijncr ;hk 1 Widdow.son, t)0 ; 'I'horpr, II, nr, ; 
4 - {J, IiTtlfiird, <i iS; 7. 


Cail^on dioxide is die principal by- 
proiiuct of die brewery industry. It is 
generally collected, compressed into cylind- 
ers and sold to mamiractiirers of aerated 
waters. 

Among llu‘ wastes products, brewers’ 
grains, die residue Iclt after extraction of 
malt, when fresh, are used for feeding cattle. 
'They contain over 70 ))(a‘ cent, of moisture 
and hence deteriorate easily. When unfit for 
stock-feed, they are ustxl as fertilizer. Dried 
brewers’ grains are more suitable for feeding 
animals. I’liey contain : water, 10.3 ; pro- 
tein, 18.3 ; fat, ().4 ; soluble carbohydrates, 


4^4.9 ; fibre, 15.2 ; and ash, 3.9 per cent. 
(littlL Minist. Agric.^ Lond,^ No. 124, 1945, 
Tf)). Barley sprouts, which arc separated 
from germhialed grains during drying, arc 
also us(xl as feed for live-stock. If they 
deteriorate, they ran be ground to powder 
and used as fertiliz(u\ 'I’hcir average com- 
position is : nitrogen, 4-3 ; phosphorus pen- 
toxide, 1-2 ; and polasli, 2-2.3 cent. 
Hop residues are also usc'd as fertilizer for 
light soil.s, preferably after composing (Brut- 
tini, 234). Dried br(?wei>’ yeast is a ricli 
source of \ itamins of the B groii]). It coa- 
tahis : proleiiir, -|b. i ; carboliydiMtes other 
than fil'.re, 3b. b ; fat, i.ti; jihospliorus, 
T.{)9 per cent., and vilainui H,, i.].,ooo ; 
vitamin li.., 3.000 u I'g; and nicotinic acid, 
30 nig. per 100 g. (Hein/. & Co., Nutrit. 
Charls, i()|2, 29). 

During the AVar, it is* ('vitiinaUxI that tlic 
breweries paid R.s. 9 per nid. of cleaned 
barley and that the co.st ol’ production of 
malt was Rs. 13 ])er niauiifl. Hops used to 
cost l\s. 3-1-0 ] cr lb. On the basis of 
these, prices the iiment was purchas- 

ing beer for supply to llie. Services at 
Rs. 7-2-0 (inelieave of overliead charges 
and v\cbr duty) pia* doz. cpiart bottles. 
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Production of beer in India lias shown a 
continuous decline in the period between 
the two World Wars. Production in 
was B.2 million i^al. {Statist. Abstr, Hr. ImHa^ 
’i7-i 8/’2G-27, (i-lO’ v/hile in ^ was 

only I 2 million gal. (Punj ib, BGcvioo gal. ; 
Madras, 195,000 gal. ; anti lleiigal, 155,000 
gal.). Imported beer, although more ex- 
pensjvcr, was in great(*r demand because of 
its superior quality. J luring (he last War, 
produclion again increased and rose almost 
up to the max. eajiaeily of Indian hic- 
weries, owing to stoppage^ (X imporls, and 
lieavy demand fomi Ih lenee Ser\ices. 

EXCISE REVENUE I KOM MACl’ LKiUOKS 
(111 l.iklvs of R<.) 
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The excise duly on bulk beer, per 
gal., varies from As. 8 in Hilvir and Oriss a, 
to Re. I in Halnelilstan and C. I\, and on 
bottled beer, IVoin R<*. i in li>:n!)iy to 
Rs. 1-12 in Sind, per do/, (jnarl b itlles. 

During the (|iilir|iienniiini ending 
bottled beer Tirmed tlie larges I proporiiou 
of imports ((iti pm* cent.), i!ie i liief sup- 
plier's being iIh! n. K. (57 p?r cent.); 
Japan (15 per rnit.) ; Netlierlaiids (15 p.*r 
I'ent.) ; and (ha many (rr pci* een(/). Since- 
the eommeiK e*nK Ml ef tV'nrId War If, 
imjiorls h.a\e iice;iiu(‘d eoiuinuo'isly. (.' is- 
toms revi nue IVoin imjiorls of ah*, bcea*, 
porter, e ider and e>tlier l‘*nn -nt -il lIi|-iois 
was Rs. 3(1. 1 lakhs in and it dwiiullrd 

le) Rs. 3.J lakhs in ’ i;p| |. Import eluty is 
now (ifi.17) e'harged at the* rate of 3 annas 
per bottle e)l 20- ,*7 07.. capacity, Rs. 1-2-0 
pea* Imp. gal. in barrels (above* 27 o/.), 

ami Rs. 1-8-0 per Imp. gal. in c»lher eem- 
tainers. 

During Waaltl War II, some* Inelian 
l)rewerie.*s gre*atH' improved I Ik* (pialily of 
their prodne ls, and if lliis iinpr^n em ait is 
elleeti'd in ollieis also, the Indian industry 
will be able! te> meet (lie e*jiiir(! (h*ui.ni(I of 
tlie count IV. 


/\VERA(;E ANNUAL iMl’OKlS OF BEER IM’O BRFl l.slt INDIA 
((I'Y- '-’‘'h iti tlrMisaiids* 
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BELTING 

Ikiting is cNtcnsi\’cly used Ibr transmis- 
sion of power from prime-movers oi* from 
shafts i<j machines in all industries and work- 
shops. It is also used for conveyor and 
elevator belts. The principal types arc 
cotton (solid-woven), hair, leather and 
can\a.s-]ily. 

The fn-st belting factory iji India vviis 
started in i88i>, when liirkmyn* brothers, 
(laleutta, commenced manufacturing cot- 
ton belting from imported cotton. In 1904, 
they started making their belting from im- 
])orted hair and cotton yams. The Bengal 
Belting Works (Serampore, Hooghly (list.) 
Wiis founded in ipab. There arc at jwesent 
two more linns in the Serampore area, 
manufacturing solid-woven cotton and hair 
beltings. 

India manufactures atlecpiate. fiuanlities 
i>l' hair belling. It is used in cotton and jute 
mills, raibvay workshops, mine.s, saw mills, 
rice, mills, cement, match, sugar, oil and 
jjajtcr factories, ami for all other drives rc- 
(]uiring superior quality belting. It has high 
elasticity and w’iil remain soft and pliable 
during its whole lilt-. Canvas-ply beltings 
may be plain, rubberized, bitumenized or 
treated with balata. Bitumenized bcltingf: 
are generally used in workshops, and rub- 
berized beltings for iraiti lighting dynamos. 
Plain canvn.s-ply belting is usetl l(>r light 
drives and .as conveyor or elevator belting, 
and is mannfactnnd in small quantities. 

Rubber beltings are not manufactured in 
India. They li.ave high tensile strength, 
gec.d grip ; 3;d rcM-stcncc to deterioration by 
ir.oistuie, and are M.fficicntly strong to hold 
metal fastt ner.*'. Balata belting also is not 
rr.ade in Ir.dia. It is similar to ndibcrizcd 
and bill mt niyed belting, and is also water- 
piccf. Balata belting is not clastic, does 
I'.ot age, and is not alfectcd by oil. 

A fair amount of leather belting is also 
IJi'oduccd especially in Chromepet (S. India), 


Bombay and Calcutta, and also in Cawn- 
pore, Jullundur and Bangalore. But the 
products are of inferior quality. 

Yarn of 10', 12", i5\ or 16’ count, 
spun from indigenous long staple cotton, is 
used in the manufacture of cotton belting. 
It is also used as weft, and as binders for 
inter-stitching plie.s, in the manufacture of 
hair belting. Cotton or flax canva.s is used 
for the manufacture of all types of eanvas- 
ply beltings. 

I'or hair beltings, a variety of worsted 
yarn made from all kinds of long coarse 
hair, is imported from England. The hair 
is twisted into 5' count vam of <1-4 
plies’. 

The manufacture of solid-woven belt- 
ings is similar to that of cotton piece-goods 
or ofhc.ssian cloth, except that more plies of 
warp, generally 3-5, are used. The 
yarn from hank.s is (hccscd, multiplied, 
twisted and blcarhed for being u.sed as 
warp. Similarly weft yarn is light-twi.sted 
and wound over pirns. Weaving is tlone 
on special multiple fabric looms. The 
several layers of warp, of twisted hair or 
c,otton yam, are woven with cotton weft 
under tensile strc.ss into n solid and honwi- 
geneous belting, and in tht^ same operation 
the plies arc inter-stitched using cotton yarn 
bimlers. In hair belting, the hair warp 
gives the traction and takes the load pull, 
while, the cotton weft, w'hich bind.s the. 
.several layers of the warp, controls the 
stretch on hair, and strengthens the belting. 
The w’oven belling is ti-eated with a dresring 
eomposition, like red oxide in linseed oil 
mixed with a little tcrebine. The dressing 
colours the belting, preserves the fabric, and 
lubricates it. The belling is then stretched, 
calendered an<l rolled. 

Canvas-ply beltings arc not of the solid 
woven type. For their manufacture, canvas 
or duck is folded into the requisite number 
of plies, and stitched together. These are 
then treated vrith a dressing composition, 
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Stretched, calendered and rolled. rhi:\ are 
made in 4, 6, 8 and 10 plic:>. 

Rubberized belting is made from t oiton- 
ply belting by impregnating the surface with 
a latex compound and vulcanizing It. liitu- 
rnenizing is done by putting the l)eluiig intf 
a lank containing bilnmon f>r jn’lrln and 
allowing it to .soak for 1 or 2 days. 

For high quality K'nlhu belting, the 
leather .shoulfl be t ut from the bn I t. Such 
leather i.s unilbrin, and has nilnirnuu! .sf reieh 
and nnixJrnnni (‘htslieity. ft produc e;; bells 
which will run straight aiyl qiue* on die 
pulley. Somc'tirnes sliouldrr and belly 
portions are also used, but tliey yield 
infeiior products, 'ranging Is doin' by iln' 
pit tanning ]*rocess ‘ iniilar U* ili.it u.se.d 
ibr sol(‘ and Jiarncss Ivcatiier. 'fiie lealher 
is curried to bring it i'o the p!ia!)!c‘ (‘ondi- 
tioii essential (or durability, good .adiiesion, 
and ela.slicits . U is then painted <>11 ilic' 
grain side and rolled to vna!:e it rinootli 
and straight. 

Ox-liUli \ield> liui l)ef,l belting. Suong 
hides, fr(M! Irom grain faults, .sores, scisitclu s, 
warble holes and butcher c uts, are selected. 
In India, Indlalo leather Is u;ied, but il i.s 
Ici^s firm in stnu tuiv. i’he leathcu’ is can 
into .slrip.s of required widlin pa>sed through 
a rolling machine and i oinpiesscd, or ;\l- 
tcnialiveiy com|ji(*.ss(rd beliire cutting, d’ln' 
cut lengths an* dieu male Ju'd Ibr u.uiforinits 
of tcxlun* and thicki'css, thc' <*iids spliced 
or bevelled, and joined l>y glue, stiic hiiig, 
riveting, etc. In Jiidia, the jciiuis an* made 
by stitching with raw cow-liide lac'?';’, i;r 
with imported katlicr c(!inenls. I'lie sliu lied 
Inciting is passed through a pair ol' rolls, U) 
compress the IcNUhcr and to sinoolhcn tlie 
joints. It is then ce iled into tiglil i*oll‘-, and 
finished to the correct width by scraping the- 
sides with tools and glass edges, and ( olour- 
cd on the surface, 'fhe outer |)h of leatlu r 
beltings is dressed with wax, tallow, oil or 
grease. 

Leather belling may be made iA one or 


more jilies aeeordiiig to tlic ;;treiigdi and 
drive required, hut gi'uerally only .single' 
pl\' beltings and sni.dl qinnlilies <»f double^ 
ply beltings are maniifaclurcd. (oinniou 
leather IHlings are not durable wlvui c'x- 
post'd to st»'\am, dampness oi* oil. Special 
waterproof l/'ilficr l>chiugs aa* m idc^ for 
use under coiidiucuis of c'ai'cssIn c' moisture. 
The consuinplioii rd' Iv-ailier belling in Intlia 
is large, but the d«'UMnd 1; reporlc'd lo l)e 
deerc'a-ing. 

riie l\\o ends of a belling arc* geuei allv 
fixed logeili 'r by mi*:uK of fasU'in’rs, metal 
clips, ri\el/., eic. 'file i\p as comm >nly u a'll 
are Alligitor an 1 W-ilk-’r fisirii.-r;, of w-Iii< ii 
the i'ormer is m i iiif.ie^ui\'.l in la.- couair\. 

The oie-w.u* cap n iiy ibr l!ie praduclioa 
of* coUoa and h iir Viellings w.is a;5(>i\Ai- 
inately 7 f/> Ions per auiuim. I’iic lur.-eui 
capa.eily of L.he Ibin* c?MH*erM> c..ug.ige:l In iliis 
line is i,boo rous ])er annum, while die 
cMilput is idjonl d',o Ions ]>er aauium. 'fiie 
capacity !i>r leadua* bching !.• a!‘oui [iy) 
tons per uumm. Indi'^'iious I'.'Xiiiv' beh- 
iug.s are a.s good as iiuporU'd oii;;-, but 
Indian Ic-allK*** beltings ;ire coiisiderc’d lobe 
iiilerior Iti imported ou<-; made from ox- 
hide. 

IMPOK I SOI- BI.LlLNii iWi) INDIA 
f I’ons) 


I \ |n*s 

PM 1 

Ull’) 



l;V» 

Hair Bv'llid'.*; 

! 

■)U-| 


hri h'.-li ! iig . . 

0 !U 

irj ; 

KiihbiM 

1 

[.n(i j 

A'] 


j,,Min:si. liulii^irv & Siipplv. 


LJ. K.. supplied (k, per n-iit. il' llie im- 
dorts dui itig the ({uinepu iiniuin ctulimf 

:w- 

Imports of ('otioii, e;iii\;is-ply uiid hair 
l>clun^ arc subject to a revenue duty of 7! 
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per cent, ad valorem. Other vnrieties are Malaya, Indo-China and the East Indies, 
subject lo a revenue duty of lo per cent. 

ad valorem. Import duty on hair yarn for The demand for belting in India is 
hair belling Is at jjrescnt 7I per cent, ad largely industrial. The other important 
valorem. consumers are the Indian Railways who 

are stated to use annually about 200 tons. 
Small quantities of leather beltings arc The postwar demand for bthing is estimat- 
exporled to Burma, Ceylon, Kenya, ed at 2,000 tons per annum. 


VAT.tJli OF AVERAGE ANNUAL IMPC1RTS OF BELTING 

(Lakhs of Rs.) 


1 

Cotton 

1 

Hair 

Leather i 

1 

Other 

materials 

including 

coir 

Total 

n quinquennium ending : 

1 


1 1 

! 

1 j 

1 1 
! 

j 


*33-34 

7-95 


1 28.67 ! 

j 


60.57 

M ’38-39 

6.84 

\ 

“>•33* 

23.70 

1 1 

14.98 

5'-7* 

M ’43-44 

6.76 

1 

14.48 

1 I 

j 33-25 1 

12.61 

67.10 

In ‘44-4.‘i 

i3-«3 

23-54 

57-29 ! 

16.03 

109.P9 

.1 ’45-4l» 

925 

25.68 

50-64 : 

3 1-53 

1 16.50 

• Av. of 3 years from 

’sti-sy- 





PRI(^E.S OF INDIAN AND IMPORTED BELTING* 
(Per l(jol) 


1 

1 

Indian 

1 

Imported 

Indian 

Imported 

! 

i 

Rs. a. p. 

1 

Rs. a. p. 

Rs. a. p. 

1 

! 

V 

Cotton 

090 

0 14 2 

0 12 0 

I 3 0 

Hair . . 

1 1 0 

I 4 0 

I 7 0 

I 10 11 

Rubberized canvas 

090 


0 12 3 

• • 

i 


Min»t, Industry & Supply, 1947. 
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QDIIS 

fiidS is the cheapest Indian smoke and 
k made by wrapping tobacco in a specially 
jnepared leaf. Tlie raw materials required 
ane tobacco, wrapper leaves, and cotton 
thread. 

The best and tlie most extensively used 
iwfi tobacco comes from Gujarat and from 
tte Nipani area (»f Kelgaum (Bombay Pro- 
vince), But thi‘; tobacco Ls often mixed 
with inferior tobacco from Bihar, U. P., 
Hyderabad and Mysore, and scraps and 
rejections from Guntur tobacco. The nico- 
tine and ash content are rcsp-x-dvely 3 and 
19 per cent, in Gujarat kav<^s, and icj 
per cent, in Nipani leaves and 4.9 and 24 
per cent, in Mysore leaves (Rep. Market- 
ing Tol>ae.c<» India an<l Burma. 1939, 

3.3)- 

For &n/i-niukiug, tobacco shouid be care- 
fully selected. Gujarat tobacco should b«- 
Ught orange-yellow in colour, and the 
. Nipani brand should be greenish. Strong 
thick leaves are <lricd and crushed to p>wdcr 
and sieved, ^irfi-powdcr is generally packed 
in gunny bags. Bombay exports large 

? juantilie,s t»> G.P. & Bcrar, Rajpulaiia and 
’entral India. Madnis also imports some 
from Bombay, but obtains the bulk (86 
per cent.) from Mysore, in making hidis, 
mixtures of tobai cos are generally used, and 
the mixture used by each niamifarturer i.s 
kept as a trade seerel. 

'Flic leaf of Diospyros nielanoxylun is t in- 
most commonly used cover for wrapping 
bidis, especially in Bihar, the Cl. P., Ori.ssa 
and Bombay. It is also used to a smaller 
extent in Madnis. Bombay inifM>rts it from 
the C. P. In the U. P., bidi leaves il). 
melanoxybn and D. fomenlosa) are collected 
in Bundclkhand division. 

Leaves of liauhinia racemoMi are also 
extensively used for wrapping bidis, in 
Bombay and Madras. In Assam, Icavts of 
Castanoposis indic'a are also used. Jiulea mom- 


spema leaves arc eomniuiily used in Bengal 
and to .seme extent also in Madras. 

Ihc best quality hidi leaves ubtaiiicd 
from D. mclamxylon arc those plucked just 
aftcr_ they have turned from crimson to 
reddish-green and become leathery in tex- 
ture. They should be soft and pliable, and 
should not have an excess of pubescence ou 
the underside, or stiffhess of primary and 
secondary' vein-' (Indian For. f^aff. .No (m 
1944, 6). 

T he leaves aix- tied togetlu-r in bundles 
of '-i.l-L'jo, and exposed to the sun for 5- 
10 days. They are turned over frequentiv 
until completely dried. In some localities, 
the leaves are lirst dried in shade and later 
in the suii. Ill Bengal, the leaves of Jiulea 
monospmna are boiled in water bclbre they 
arc dried. Bidi leaves arc generally iiackixi 
ill gunny bags, and can be stored for about 2 
years. 

/hWi-makiiig is a simple jirute.ss. Flie 
dried leaves are .softened by soaking them 
m water overnight, and then cut into rec- 
tangular pieces about 3" x i.r/. The cut 
k-af is then rolled by hand into a conical 
form, the tobacco mixture put into it, and 
die liroad end clo.sed by bonding it over the 
wrapper. 'Fhe other end is then lied with 
tilt cad. About. lo-ib o/. of tobacco an* 
required for 1,000 bidis. 

Ihe W/,», ali«-r drying, arc ticil int«» 
bundles ol Uf, each, wrapped in coloured 
paper, and labelled. Tlicse are made into 
packets ol 500 bidis and transported in 
gunny covered bamboo crates, each con- 
taining about 40,000-60,000 bidis-. 

Bidis art; giaieraliy made in tJirci- sizirs ; 
small, medium mid big, Fhev arc 2* 
ii" and 3" rt-spccti\'ely in length. 'Fh*- 
quality depends on the wrapjicr leaves, and 
the tobacco. Good bidis must bi^ properly 
rolled, /hrfb of medium strength and size, 
made out of bright yellow w-rapper leaves, 
packed fully w'itli tobacco are preferred. 
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Large-sized bUis with strong flavour are 
likea by the working class. 

About 80,000 million bidis are made 
every year in India. Bidi industry has de- 
veloped mainly in places where wrappa 
leaf u available m plenty, since it 
is more economical to transport tobacco 
than the leaf. The G. P. and Berar' are 
the most important centres of the bidi in- 
dustry and about 25 per cent, of the total 
Indian output is made there, and more- than 
60 per cent, of this is made in the dist. of 
Bhan^. Almost three-fifths of the total 
manufacture in the G. P. is controUed by 
the big manufacturers in Jubbulpore, 
Gondia, Nagpur and Kamptee. 

Madras and Bombay come next in order 
of impOTtance, each producing about 20 
per cent, of the total Indian manufacture. 
In the north, Delhi is an important produc- 
ing centre. In Bengal, Bihsr and U. P., 
(he industry is localised in larger towns. 
Bj^-nutking on a fairly large scale is also 
prevalent in Mysore and Hyderabad. The 
industry is not tound in the Punjab. 

The G. P., which produces the maximum . 
quantity of bidis^ exports 75 per cent, of its 

g roduciion to other parts of India, and 
urma. The wholesale price of bidis in the G. 
P. now(i94^), is Rs. 3 to Rs. 4 per thousand. 
Bihar obtains lar^ quantities from G. P. 
and Orissa. Btdis are also exported to 
Gcykm and the Maladives. 

RtVt consumption is high in Bombay, 
Sind, Baroda, Hyderabad, and h^ore, 
moderate in l^gal, Bihar, Orissa, G. P., 
Madras and Travancore, and low in Assam, 
N. W. F. P., the Punjab, U. P. and Kashmir 
(wds Rep. Marketing Tobacco India and 
Burma, toe. nV., 79). 

It has been estimated that the bidi in- 
dustry gives employment to about 50,000 
labourers in the C. P., and to a lakh in 
Bomb^, and another lakh in South India. 
In G. P. and Bombay, woma^ and children 
are also engaged in me industiy. 


A nian can roll on tm average, about 
i^oooMdbper day. The wamrate per 1,000 
bidis varies' from Re. 0-13-0 in flhandra to 
]^. 1-4-0 in Jubbulpore. In Bombay, the . 
rato is Rs. i-2-o to Rs. 1-5-0; in G:ilcutta, 
it is-.Rs. 1-9^ to Rs. . 1-14-0 (Lab. Invest. 
Gomm. Rep. Bidiy Gigar and Gigaretttf 
Industr., 1946, 18). 

BIDRIWARE 

ffidriware was probably introduced into 
India from Persia in the early twenties of 
the sixteenth century. It takes its nam: from 
Bidar dist. in Hyderabad State, where it is 
principally produced. Lucknow is the other 
prominent centre of the industry. SmsU 
quantities are also made at Pumea, Mnr- 
s^dabad and Kashmir. In Hyderabad, 
there has been a nota]^ devdiopmsnt re- 
cently in the industry, due to the introduc- 
tion of improved piocesses and designs 
(Speight, Bidriware, 1933). , 

Bi^ware is a variety of damascened 
work in which one metal surface is orna- 
mented by another. The applied metal may 
be left in relief or sunk into me surface of the 
base. The base is generally an alloy con- 
taining 16 parts of zinc and one’ part of 
copper. The small amount of coppv gives 
a oetter polish to zinc. At Pumea, seme 
lead is alto introduced, which makes the 
pieces heavy. Inlaying is done with silver, 
and occasionally’ with .fpld, on 4 i blackened 
surface. Gdpper is rarely used now. Bid- 
riware displa)^ great craftsmanship, and 
is very appealing because of the con- 
trast between the black base and (he inlsud 
metals, and the richness and variety of 
derigns. 

The article to be inlaid is first cast. 
The matrix is made of red clay over which 
is applied a layer of wax and resin mixture, 
the resin bebag used to give a hardening 
effect to wax. This is covered by a .iayei oT 
red clay luj^ptnted, by stops. Wax is nislted 
out and the moitmi ^loy pemred in. Tne 
roug^ article so producea is polished witii x 
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‘ 'filCi. or on a Isthe, anct finished with sand- 
|>aper» charcoal, and sweet oil. Blackeninff 
IS efiected by- nxnstening the surface with 
■copper sulphate solution; Designs are then 
drawn ana cut with-a fine point and Inlaid 
with silv^ sheets or wires by hammering. 
The inhud articles are filed, polished, and 
aubseqpently'dteansed with a certain 'earth 
found near Ifidar. 

The inlay workmanship, depending on 
the place of manufiu:ture, is of three types : 

or embossed work, a low reUrf 
which can be felt by passing the fingers over 
the ^ vessel, Uakasm or imay of wire, and 
tabmshan or overlay of sheet silver. The last 
two types are often found in combination. 
A sp<|Cial type of bidriware, known as zor- 
buland ware, is also made in Lucknow, 
in which silver is applied in high relief. 

f * , ♦ 

Great ingenuity is shown in tlie wealth 
of design of these articles. Floral and geo- 
metrical patterns are common;- In the best 
works anhttempt is made to reproduce or 
adapt the beautiful omamentatum of the 
femous Bidar fort and of the ne^hbouring 
tombs. 

Leaves, flowers like the poppy and the 
lotus, and the running vine are some of the 
common patterns. Mixed with thee are to 
be found arrow-heads^ stars, lattice work 
and trellises. Geometrical patterns like 
parallel and crossing lines, spots, spirals, are 
often interwoven* with *tKe floral motif. Ani- 
mal and fi^ designs are found in Lucknow 
bidriware. At ^mea, more or less con- 
ventional designs, and sometimes, Chinese 
patterns are used. 

Originally bidriware, consisted mainly 
of hookahs, patidans (betel boxes), small 
boxes with trays, water bowls, toys,^ etc. 
Some beautiful specimens of antique 
tears are found in the Prince of Waits 
Museum, Bombay, and the Hyderabad 
Muscuip, Hyderabad (Deccan). The articles 
tnade now arc . mostly, copies, or commercial 
%vare, like dgacette' boxes, ash trays, but- 
tmts tmd links, and cuiios. 


BITTERNS 

Ktterns are the mother liquors obtained 
during the manufacture of common ralt 
fiom sea-water and the waters of saline 
lakes, and contain all the residual salts. 

The sea forms an inexhaustible source 
of a number of valuable chemicals, some of 
which are now being prepared directly 
from it 


AVERAGE COMPOSITION OF SEA-WATER • 



Parts 
per 1000 
parts 
of 

water 

Tons per 
cubic 
mile 
of sea- 
• water 

Sodium chloride 

87*2 « 3 

128,284,403 

t 1 

Magnesium chloride 

3-807 

> 7 * 946 . 5 a» 

Magnesium sulphate 

] 

1.658 

7.816,05s 

Calcium sulphate . . . . 

1.260 

5.939.747 

Potassium sulphate . . 

0.863 

4,068,255 

Calcium carbonate. . 

0.123 

579.83* 

Magnesium bromide 

0.076 

358,870 


35.000 

*84.993.082 


* Arnutrong uad Miall, 4 and ao. 


Immense quantities of common salt are 
prepared from sea-water by solar evapora- 
tion along the seaboards of China, India, 
apan, and along the tropical coasts. In 
ndia, the annual production of salt from 
sea-water is estimated at 1.36 million tons, 
out cf a total production of over 2 million 
tons. Large quantities of bitterns hitherto 
regarded as waste products are being 
utilized for the production of some 
chemicals. 

Seai-water has an average density of 
3.5-4®^'. In the earlier stages of concen- 
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tration, calcium carbonate, gypsum and 
some magnesium carbonate separate out 
till the density reaches The de- 

position of common salt begins at a density 
of 24.5-25' Be'., and continues till it reaches 
29 "Bc'. The salt that separate thereafter 
is very impure and cannot be readily sepa- 
rated from the mother liquors. Conre- 
(luently, the preparation of common salt is 
stopped at this stage and the bitterns (29- 
30^ Be',) are run out of the kyars or .salt pans. 

AVERAGE (X)MPOSITION OF .SEA-\VATER 
BlTrERN.S 


I fEi Items 

Bilt«Tns ofaf) Bc'.*j of 



1 

: 30^JC'. 


i ^Per 
; cent.) 

((J. per j (Per 
litre) ; cent.) 

Sodium chloride 

ii.ii 

1 

i.|,o,i4 7 . 4 » 

Mtignesiiiin sulphate . . 


73-65 i 6 - 7 ‘» 

Potassium chloride 

'.2.89 

36.00 4.92 

Miigrujsiuni chloride . . 

10.30 

128.80 15-04 

Magnesium bromide . . 

0.17 

2.07 I .. 


* Pioneer Magnesia Works ; + Vakil, Salt, 1945, i(». 

I'hc bitterns obtained at Okha Salt 
Works, which produce annually 125,000 
tons of common salt, are processed at Tata 
Chemical Works for the production of 
potassium and magne.sium compounds 
(,/. sci. industr. Res., 1946, 5, 213). 

During the concentration of bitterns, 
the salt which separates out between 29- 
32‘^^Be'., consisting of very impure sodium 
chloride, is discarded. Camallite, KCl. 
' MgCL.hHjO, mixed with sodium chloride, 
crystallizes out between 32 and sb^Be'. 
This is treated with water when magnesium 
chloride goes into solution, leaving 
behind potassium and sodium chlorides, 
from which the former is separated by 
fractional crystallization and purified. At 
some works the potash salts that separate 


out only between 34-36‘'Be'. axe collected. 
These on washing yield directly a fertilizer 
grade containing 80 per cent, of KCI. 

The bitterns of 36"Be'. contain three 
important magnesium compounds, the sul- 
phate, the bromide and the chloride. Crude 
Epsom salt, MgS04. 7H,0, separates out 
when the bitterns are cooled to 10" and 
it is purified by recrystallization ; and 
bromine (q. v.) is recovered by treating 
the warmed residual bitterns with chlorine. 
At this stage the tail liquor contains mainly 
magnesium chloride with a con»derable 
amount of colloidal organic matter and at 
37.5‘’Be'. it may contain, MgO,3o,7; MgS04, 
4.76 ; and KCl, 0.46 per cent. 

This liquor is further concentrated in 
direct-fired open evaporators for obtaining 
magnesium chloride. During concentration, 
temperature rises considerably, charring 
organic matter, which is subsequently des- 
troyed by the addition of an oxidizing agent. 
When the liquor attains a temperature of 
160-1G2”, it is poured into drums marie of 
galvanized iron sheets, each of which holds 
5-6 cwt. of fused magnesium chloride. 
On c(K)ling, it solidifies into a snow-white 
mass. Magnesium chloride is also marketed 
in the form of ilakes prepared from the 
fused ma.ss. 

The magnesium sulphate content of 
some bitterns is too low to be economically 
recovered by artificial -refrigeration, . and 
too high to be tolerated as an impurity in 
the magnesium chloride produced. In such 
cases, the liquor at 162" is transferred to a 
settling lank, and allowed to cool down to 
120-130’ when all the magnesium sul- 
phate separates as kieserife, MgSO,. 
H, 0 , and settles to the bottom. Magne- 
sium chloride which is still liquid at this 
temperature is poured into drums. 

Magnesia, MgO, is now prepared in 
large quantities directly from sea-water 
(Industr. Engng. Chem., 1936, 28, 383). The 
Tata Chemicals use a portion of the tail 
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tiquors From the bnjininc rcto\ cry plant for 
its manufacture. Any sulphate present is 
precipitated by the addition of requisite 
amount of calcium chloride solution, and 
separated out. The liquoi’s arc then 
reacted with quicklime in a rotary slaker, 
when magnesium hydroxide is precipitatc(l 
and forms a slurry. This k thoroughly 
washed with! large volnrnfs of water, filt- 
ered, and calcined in a rotary furnace to 
yield magnesia or periclasc. The plant 
has a rated cajiacityof uo tons of magnesia 
per 24 hours. 

The Khursheed Salt Works near Kara- 
chi abo manufacture Epsom salt, potassium 
chloride and magnesium chloride from bit- 
terns (Vakil, loc. cit., 34). 

KIlARAtiOlJA AND K.UDA HI ri’tiRN.S 

The IVNO large salt works iii the Rann of 
Cutch are .situated at Kharagoda and Kuda. 
The Rann is a va.st flat saliiu^ tract, scarcely 
above sea level, and is com])lctcly flooded 
by sea-water during Aug. and Se])t. At 
the cud of Dec., \vatcr begins to disappear 
by percolation and evaporation. Edible 
salt is manufactured from natural brine 
obtained from wells dug into the Rann 
during Oct. to middle of May. Annual 
])roduction is over 120,000 tons. 'I’he brine 
has a density of 14-18'Bc'., and its coinjxi- 
sition is similar to that of sca-water of 
same density (Vakil, toe. cil., 22 ; vide also 
Turner, />/»/. Iriduxtr., liomhav, Butt. No. 2, 
1920). 

.\NAJ.YS 1 S ()i< KHARAtJODA .\ND KLDA 


BRINES 
( Per cent.) 


Calcium carbonalc . . 

. Kharagoda 
(Sp. gr., 
‘jo.f, Be'.) 
0.0 1 a 

; Kuda 
! (Sp.gr., 
i ai.lS Be'.) 
0.016 

Calcium sulphate 

0.440 

t)..|.2I 

Sodium chloride 

14.668 

I (>.038 

Magnesium sulphate 

0.48G 

0.510 

Potassium chloride 

ii ,4 ^ 4 


Calcium chloride ^ 

P63G 

. . 

Magnesium chloride 

.1.G47 

Magnesium bromide 

0.072 

0.057 

Total solids 

20.728 

2 1 .964 


Kharagoda bitterns have been exploited 
Ibr the manufacture of magnesium chloride 
and Ep.som salt since the first World War, 
by the Pioneer \Iagn(r.sia Works, and the 
Kuda bitterns are being trxploited by the 
Mayurdhwaj Magnesia Works. Tin* present 
annual production of magnesium chloride 
of these two concerns is 3,000 and 1,000 
Ions respectively. 

Since tpsy, the Pioneer Magne.sia Works 
have been rcco\ ering fertilizer grade jiolash 
salts, pure potas.sinm chloride, 85 per cent, 
magnesia, trtc. They have also erected a 
plant for bromine r«*co\’er\ •/. 'r/, indnalr. 
Rex., loc. fit., 211 . 

SAMBDAR Bin ERNS 

The deeply coloured bitterns Icl’t after 
the preparation of edible salt from the 
saline lake waters of .Sambhar have a 
tlcnsity ol' 30-31 Be', and possess an 
offensive oilour. They iliflcr frt)m sea-water 
bitterns in composition, and contain sodium 
sulphate and sodium carbonate, but no 
magnesium or potassium salts .Aiy.ir, ./. 
xci. induslr. Res., ipi.}, 3, iqfl'*. 

Ihe salt which separates out on further 
eoncentration is called ‘ bittern salt ’ and 
shows considerable variations in composi- 
tion [vide infra). It is dirty pink in colour 
and has a foul smell due to sodium sulphide. 
Exposure to sun and rain imjiroves its 
colour and .smell. 'This s;dt is not lit 
l()r edible purposc.s, but ma) be put 
to several agricultural and industrial uses, 
in which the presence of .sodium sulphati; 
ami carbonate does not matter. During the 
hist War, owing to shortage of edibhr .salt. . 
bittern .salt was usetl for curing hides and 
.skins, and was found to be as good as ordi- 
naiy salt ' .Aiyar, /or. cit.). 

It is estimated that the annual produc- 
tion of bitterns from Sambhar is 12.5 million 
c.ft., containing 1.2-4. 5 lakhs of tons of 
mixed salts. The output of billern .salts in 
i9.‘j.4 was 9,2bo tons and this was .sold to the 
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liidr an«l skin industry at the rate, of As, 2-9 pe,r md. f. o. r. Sambhar. 

tlONtPOSl'l ION OF SAMBHAR BITTERNS AND BI’ITERN SAITS 

(Per rent.) 




1 

1 

j Bittern salt 


Bittrrns 

Solids from 
bi Uterus 

FWim city 
bitterns 

From East 
Lake bittercR 


1 

i 

= 1 

area 

area 

Sodium cliloridi; 

j 

>9-5 




fig-t— 77-0 

i “ 

86.8 

Sodium stilpluiK* 

6.8 

1 

21.8 

1 — 18,0 

6-.5 

Sodium rarhonalr . . ] 

j 

^ . r t 

12.0 

06 

2-4 

Sodium hicarliouatu (inrludiiu' sodium sul- J 
phido and silirate) 

r r>* I 


1.2 — 2.5 

1 

O.I 

1 


BITUMEN 

The ItUernational Clonimittce on “ the 
nomenclature of materials and processes 
used in the construction of roads ” has 
defined bitumen as ‘ miNtures of natural 
{tyrogenous hytlrocarhons and of their non- 
metallic derivatives, which may be gaseous, 
lit|uid, viscous or solid, but must be com- 
pletely soluble, in carljon disulphide,’ This 
covers a large range of petroleum products 
.IS well as the soluble material in tat. To 
ilistinguish tar products from asphaltic bitu- 
men, the latter has been defined as “ natural 
or naturally occurring bitumen jireparcd 
from natural hydrocarbons or from deri-. 
vatives of natural hydrocarbons by distilling, 
oxidization or cracking ; .solid or viscous, 
containing a low percentage of volatile 
products ; possessing characteristic agglo- 
merating ])ropcrtie.s and substantially soluble 
in carbon disulphide.” Asphalt is a mixture 
of bitumen with mineral matter, either 
prejjared artificially or occurring naturally. 
In nature, asphalts arc Ibrmed by the eva- 
poration or distilhuion of crude petroleum, 
and seme rocks, usualK limestone, arc 
impregnated with bitumen. 


Natural asphalt occurs in large quantities 
ill Trinidad and Bermudez. It is estimated 
that the ‘ pitch ’ lake in Trinidad 
.still contains 10-15. million tons of asphalt. 
Trinidad asphalt consists of bitumen, 38 ; 
water, 29; and mineral matter, 33 per cent, 
Bermudez u.sphalt contains about 64 per 
cent, pure bitumen and about iO'.4o per 
cent, of water. Rock asphalts occur in Val 
de Travers, Zimmer, Ragu.sa and some 
parts of the U. S. A. 

In India, stray occurrence.'; of asphalt 
have been reported in the Deccan Trap 
dolerite of the Sewri Quarry, Bombay 
Island {Rec. geol. Surv. India, 1922, 54) 

117) ; in Poonch State, Kashmir {Mem. 
geol. Surv. India, 1928, 51, 319) ; and in 
Bilaria, Jodhpur State. However, none of 
these is of any economic importance. 

The oil field near Chakwal, Jhelum 
dist. (Punjab), has recently produced a 
crude oil with an unusually high percentage 
of bitumen. Bitumens prepared from the 
oil of Dhulian field arc being regularly 
supplietl by the Attock Oil Company 
Ltd. 
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rheie arc Ibur tests to clcicnniiic the 
suitability of bitumen for road work. The 
bitumen content is determined by its solu- 
bility in carbon disulphide. The melting 
or softening point* gives the temperature at 
which the bitumen begins to Jlow freely. 
The ductility of bitumen is the distance in 
cm., to which. a standard briquette of bitu- 
men at a temperature of 25'^ cati be drawn 
out without breaking, when (he ends are pul- 
led apart at the rate off, em. per minuter. The 
penetration test is a measure of the degree 
of hardness or consistency of the bitumen. 

Asphaltic bitumen, obtained as the un- 
distilled residue of petroleum refining, is a 
black solid or semi-solid material. riunc 
arc three types known in trade. Steam re- 
fined or straight-run asphaltic bitumens are 
made by the straight distillation of suitable 
crude oils or residues from crude oil, the 
more volatile products being distilled oil* 
leaving behind the required grade of as- 
phaltic bitumen. During distillation, steam 
is injected into the oil, so that distillation 
can be carried out at a lower tcmjjcra- 
turc, thereby avoiding cracking or 
decomposition of iJie oil. Blown asphallit* 
bitumenr arc produced by blowing air 
through molten, steani-refiiK’d asphaltic 
bitumen. As the blowing is continued, it 
attains a rubber-like consistency ; ils melt- 
ing point rises and ils ductility decreases. 
This variety has good wcatlHuing prf>- 
pcrtics, and doer not easily undergo changes 
in protective properties on exposui e or with 
changes in climate. Pitch or ' Z ’ type of 
bitumen is made by the distillation of re i- 
ducs from cracking plants. 

For certain iyj)es of road work, it is 
found desirable to use bitumens, which are 
liquids at ordinary temperatures. C"ut-backs 
and emulsions are two such varieties. 
Cut-backs are mixtures of asphaltic bitu- 
men and a volatile solvent such as kerosene 
or creosote. * Colas * is a typical examph! 
of the emulsion type. It contain.s about 
56 per cent, of asphaltic bitumen, water 
and a small quantity of soap. 


Asphaltic bitumen is most useful in 
road-making, where it functions a.s a cement 
or binder for the mineral aggregate. It 
is resilient and flexible and call, therefore, 
withstand changes in tempera! ure, and 
stresses of iraflic. There arc* three ways 
of building a bituminous road surfiice, 
surface drcssuig, grouting and pre-mixing. 
Kaeh of these methods lias imiunierable 
variations in dc‘fail, and tlie sui face can also 
he made by a cc.mbination <)l‘ all thi'se 
methods. 

Pile application of asphaltic bilumcii in 
industrial proc’esses arc numerous, fn the 
U. S. A., it is itscd in the manufacture of 
roofing felt. 'Pin* imjKMincability of bitu- 
men to wate r makes it an e\c<‘llent material 
for the manufacture of walcrpriMif fabrics, 
paper, c*tc. A coating of aspliait j)n!venls 
structun*s from damage due to moisture. 
Owing to its high dielc'clric strengtli, as- 
phaltic bitumen scTves as a good c'lectru 
insulator. Asplialt-coalc^d fabrics arc u.sed 
as insulating tapes for electric cable's, and 
aspJialtic bitumen is used in junction boxers. 
Other industrial applications of asphaltic 
bitumen arc in the manufacture of accu- 
mulator case's and other moulded article's, 
ill thv proLce tioii of buried pipe line's and 
sle*e*l |)ipe‘S intended lor carrying water, 
and in the pnidiiction of biliiminoiis paints 
and coal bru[ue*lle's. In rceent years, as- 
phaltic bitnmeii has be'e'ii linding important 
use ill hydraulic engine'ering Jhr wate'i- 
proof and p^otee•ti^ e' rcve'tmcnts. 

During ' ihe Ihnnia. Oil Cln. 

Digbe>i) [ireKluceel 2i,.jiS7 tons of bitumen, 
aiicl the .\tloe k Oil C!o., 5, 12| le>ns. 

Bilumeii is maijily use'd leir roael-niaking, 
and (io\’eninu‘nt purcliases eluring the' War 
increased from i;^,e)3H tons in 'j.o-.|.i to 
1,86,871 tons ill ’[.] and i, 71 , 68 r^ (e>iis in 
’j.5. 'Phe prie e ol bilume'ii which was 
firm at Rs. 195 prr tem in ’.| i-l2 rcae hed 
a peak of Rs. 2t)0 per ton in ’ and elec- 
lined to Rs. 21.1 per ton in July |.f, (Oovl. 
India, Pctroh'um Directorate). 
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IMi’OR IS OF AS1»FL\LT AND BITUMEN 
(Qty. in i,ooo tons, and val. in lakhs of Rs.) 

Qly. Val. 


Annual av. for thr quin<iiipn- 
niuiti enclini'- • 


1 

:v2.8 

as-t 


:){ h 9 


’n-ii 

(io.o 

146.S 

In ’ 44 - 1 --, 



„ ’45-4'' 

214.1. 

'>03. » 


Before (lu: Second World War, impoiis 
were mainly from Egypt, 36 ; the U. S. A., 
■34.4 ; and ^lexico, 24.3 per cent. In recent 
years Iran has been supplying considerable 
(liiantitiesofbitnmen (67,7211 tons in ’43'44> 

Imports are subjected Ut a prefercntjal 
r(;vcmic dnt\. Tn 1947 the preferential 
rate in the case of a.sphalt from a British 
colony \vas ifl jicr cent, ad valorem as .against 
a st.'indard rate of 30 ])er cent, ad valorem. 

For road surfacing, India imports mo.stly 
bitnmcv and there is no appreciable import 
of road tars into India. The quantitv' of 
road tar produced in the country rose 
from 22,000 tons in ’33 to a peak of 4t>,ooo 
tons in ‘42 (l'’ielder, ,/. xci. hidustr. Res., 

i‘)44. 4» 

BLEACHING POWDER 

Bleaching powtler or ” chlorinated lime ’ 
is a dull white poA\der with a pungent odour 
slightly dilfercnt from that of chlorine. It is 
obtained by the chlorination of hydrated 
lime : 

Ca(OHj, Cn, Ca iClliOCl) , HoO. 

But the reaction i.s never complete and 
most commercial samples contain 32-35 


per cent, of available chlorine, i.e., the 
amount of chlorine evolved on the addition 
of acids : 

Ca(Cl)(OCl) i H»SO^ ..CaS(),4^Cl., i H»a. 

Bleaching powder is unstable and rapid- 
ly deteriorates in a tropical climate. The 
decomposition is accelerated by certain 
catalysts, such as iron, manganese, etc. 
Even under the best conditions of storage 
it tends to lose almost all its a\-ailablc 
chlorine within a year. 

Bleaching jrowder is idiielly employed 
for bleaching i:otton yarn and textiles, and 
paper pulp. It is also used as a disinfec- 
tant, especially for sterilizing wounds, .sur- 
gieal dressmgs, etc., and in water purification 
and sanitation. Sometimes it forms a source 
of chlorine as in the preparation of chloro- 
fornu 

However, owing (o its instability, 
bleaching powder is being rapidly displjiced 
by new bleaching agents. In 1923, the 
production of bleaching powder in the 
U. S. .\. tvas 147,000 tons and only i6,70(» 
tons in 1939 (Riegel, 107). ‘ Bleach licpior,' 
which is now extensively used, is prepared 
fresh by pa.sF.ing chlorine into milk of 
lime containing 1-1.5 lb. of slaked lime 
per gal. of water, maintaining the tem- 
perature at 3o-.|0'’. It contains more .avail- 
ablc^ chlorine, calculated on the quantit>' 
of lime employed, than bleaching powdci'. 
Further, chlorine itself, and freshly pre- 
pared sodium hypochlorite (available chlo- 
rine, i«)-i5 per cent.) arc now widely used 
in textile mills, especially for bleaching fine 
t(uality goods, to avoid traces of calcium 
.salts which interfere in the dyeing process. 
‘ High 'lest Hypochlorite’ containing 65- 
75 per cent, of calcium hypochlorite, aiid 
also the pure hypochlorite are coming into 
more general use (Riegel, loc. cit.). These 
arc stable and more than twie(^ as strong as 
bleaching powder. 

The (wo principal raw materials re- 
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quired lor the mauufacturc of bleaching 
powder arc high gr^dc lime and chlorine. 
TJie latter is now>.mostly obtained as a by- 
product during the electrolysis ol brine for 
the manufacture of caustic soda. When 
used for the chlorination of lime, it ‘•hould 
be free from hydrogen to a\-oid rxphisions 
in reaction chambers. 

The quality of lime rei|uirccl is of tlu* 
utmost importance. (lenerally, a ver\ 
pure fat lime (Cat), q-, per cent.), wliich 
slakes readily to yield a large volume ol" 
slaked lime (over three timers the vol. of 
CaO used), is employed. Jt should contain 
less than 2 per cent, of carlmnate, 0.5 per 
cent, of iron oxide, 2.0 percent, of magne- 
sium oxide, and no cobalt or mHngane.se. 
The lime after slaking should ^ he stored 
for .some time l>el()re u.se, and its moisture 
content may lx- 4 per cent. (Searle, 
limestone and its Products, i«)35, boi ; vide 
also Iridmir. Cliem., 1947, 23, 303). 

When chlorine was being prepared in a 
dilute form by the Weldon or the Deacon 
process, chlorination of lime was carried out 
in closed chambers. Since tlnr <'ommence- 
ment of the manufacture r.f chlorimr by the 
electrolytic process, numerous plants have 
been de.signcd to make tlnr procevs a con- 
tinuous one. Of llursc Krebs-Bcckman tow- 
ers built of reinforced cement c.onc,r<*tc are 
now the standaril [(ihem. melall. Kngng., 
1926, 33, 4(10 :. bach tower is fS-q' in 
diameter and about 30' high, with a pro- 
duction capacitN 01’ 2. 5-3.5 tons of bleach- 
ing powder in 24 Ins. of continuous opera- 
tion, and is built about 10' abov<* the ground 
lb accommodate the disc-harge mcciianism 
and the driving gear of the agitatci sbafl. 

The tower is divided into eight chamber« 
by cement concrete slabs. A rotating \cr- 
tical shaft, provided with plough blades, 
one set for each chamber, passes through 
a central hole in the slabs. There is provi- 
sion for the circulation of refrigerated brine 
through cooling ' coils embedded in 
the concrete slabs,! to keep the ternjicrature 


of reaction chambers below 40". Each 
chamber has a window fitted with a glass 
door, to serve as a man-hole, and as a safety 
blow-olf, in the event of an explosion. The 
agitator mechanism and the interior of the 
chambers arc painted with a bituminous 
composition cont.aining asphalt, china clay, 
asbestos, etc. 

Slaked lime is fetl by gravity and travels 
slowly and successively through all the 
chambers. It comes into contact w'ith air- 
diluted chl«)ritie, which enters just a little 
above the ixittom chamber and travels 
counter-current to lime. The How of hyd- 
rated lime, air and chlorine is regulated, 
and the lime on the concrete slab.! is c.o’.i- 
timially raked up by the plough blade.?. The 
exiiau.ct gases contain only traces of chlorine. 

In the chlorination of lime in Krebs- 
Beckman towers, thc! humidity of air and 
chlorine is carefully' controlled, and the 
temperature in thc chamb(‘rs is maintained 
at or below .fo ’. 'The moisture content of 
lime may vary from 4-7 pci cent., ami the 
best results are obtained when it is at the 
former figure. Thc concentration of chlorine 
may be f>(» per cent. 

Bleaching powder leaving the tower is 
•Stored in c ast-iron drums or wooden barrels. 
Its packing density is 70-93 lb. per c. ft. 
'To increase its keeping qualities, it is some- 
time? mixed with quicklime to yield ’ tro- 
pical bleach ’ containing 25 per «:enl. of 
available chlorine (Rogers, 1. .152). 

riie average annual imports of bleach- 
ing jHtwder into India during the (piinqiien- 
niiim ending ’3B-39 were ro,oGo tons, valued 
at Rs. 11.6 lakhs, and the U. K. was thc 
most prominent, supplier (over 70 per cent.). 
Indian consumption of bleaching powder 
in 1944 was estimated at 11,100 tons, dis- 
tributed thus : paper mills, 5,.l.oo tons ; 
textiles and surgical tlressings, 3,600 tons ; 
public health rcrpiiremenls, i,Boo tons; ami 
manufacture of chemicals like cliloioform, 
300 tons (Tliemas, Rep, Develop. Industr. 
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Supplies, 1944, 29;. The Tariff Board 
estirnates the present demand at 13,600 
tons, and this is likely to remain steady for a 
few years to come (Rep. Caustic Soda and 
Bleaching Powder Industry, 1946, 12). 

The manufacture of bleaching powder 
in India commenced during the War, and 
the total production capacity of the three 
plants in operation is 8,250 tons per annum 
[Mettur Chemicals (Mettur), 2,500 tons; Tata 
Chemicals (Okha-mandal), 4,500 tons; and 
Rhotas (Dalmianagar), 1,250 tons]. The 
Covt. factory at Rishra (Bengal) erected at 
the instance of the Defence Dcp. to produce 

3.000 tons of bleaching powder per annum 
was unfortunately never operated success- 
fully. The estimated production during 
each of the years 1945 and 1946 was only 
.4,600 tons, the only regular • pro- 
ducer being the Mettur Chemicals. Indi- 
genous production is expected to rise to 

6.000 tons in ’48-49. The total manufac- 
ture of Rhotas is intended for consurnption 
in their own works. 

The consumption of raw materials per 
cwt. of bleaching powder manufactured at 
Mettur is rather high (limestone, 1.46 cwt., 
and chlorine, 0.32 cwt.), and available 
chlorine in the finished product is low 
(28-30 per cent.). 

Annually, some 7-8 thousand ton; of 
bleaching powder will continue to be im- 
ported, and in the interest of the consuming 
indu.stries, imports arc duty fj-ee. While the 
landed cost and the selling price per cwt. of 
bleaching powder before the War (1939) 
were R;. 4-8 and Rc. 6 respectively, the 
corresponding figures now are Rs. 11-5 and 
Rs. 13. The Tariff Board has estimated 
the cost of production per cwt. of Mettur 
bleaching powder now (Oct. ’46-Dec. ’47) 
at Rs. 1 1 -3 and its fair selling price at 
Rs. 13-2. After ist Jan. ’48 the.se figures 
are expected to ceme down to Rs. 9-6 and 
Rs. 1 1 -5 respectively. The recommenda- 
tion of the Board to grant a subsidy of 
Rs. T-13 per cwt. on the sales of Mettur 


bleaching powder up to 31st Dec. ’47, as- 
suming the landed cost of the imported 
material remaining steady at Rs. 11-5 per 
cwt., has been accepted by the Government. 

BOBBINS 

Bobbins arc chiefly made of wood and 
arc used to convey yarn from one machine 
to another in textile mills. The cotton 
textile industry requires various types of 
bobbins differing in size, taper and 
shape, such as slubbing and roving tubes, 
ring rabbeths, ring weft pirns, uni- 
versal pirns, Wadia pirns, etc. The bobbins 
used in woollen mills arc similar to those 
used in cotton mills, but differ in .size. Only 
two types of bobbins arc used in jute mills, 
rove bobbins for roving, and spinning tob- 
bins for yarn spinning. 

A good bobbin wood should be straight- 
grained, sufficiently hard, and of medium 
weight (40-45 lb. per c.ft.), and must not 
crack or split during boring or turning, and 
should season witliout much shrinking. The 
wood is also required to withstand the 
strains developed in high-speed machines. 
Further, it should be available in commercial 
quantities, and should be properly seasoned. 
Imported bobbins arc usually of beech 
{Fagus spp.) and birch (Betuia spp.), and 
also of maple {Acer, spp.) and alder (Alnus 
spp.) Beech is used in England especially for 
bobbins of larger size, such as slubbing and 
roving tubes. Both white and yellow birch 
are imported ; bobbins made from the 
former are of better quality. Imported 
timbers, such as Gana^ian birch and maple, 
arc used for lighter cotton-mill bobbins, 
such as ring rabbeths and weft pirns. 

Birch and maple occur in Kashmir, and 
to a small extent in some of the extreme 
northern forests of the Punjab, but at 
present they arc inaccessible. Haldu {Adina 
cordifolia) is the chief wood used in India 
for the manufacture of bobbins. Others arc 
kaitn {Mitragyna parvijolia), kanju {HolopteUa 
integrijolia), and kuthan {Hymenodictyon ex- 
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celsum). A uunibt;r of other species are also 
recommended for trial (wrfcRehman, Indian 
For. Bull., Mw Series, /Ho. 122, 1943; ^nd 
Trotter, 1944, Bobbins made from 

Indian woods have only 30 per cent, of the 
life of imported bobbins. 

Haldu and kaim are very brittle, and if 
stored as logs or as thick squares, they arc 
liable to severe end .splitting or surface crack- 
ing. Before use, the wood .should be tho- 
roughly seasoned, otherwise, the finished 
bobbin will not retain shape and may 
twist or split. Immediately on receipt, the 
logs should be converted into boards and 
scantlings of required thickncs.s, and stacked 
for air-seasoning, or kiln-dried. For air- 
drying, boards up to 1 1 " thickness and 2* 
square .scantlings should be'kept .stacked for 
at least 3 months. If a timber seasoning 
kiln is available, the wood is dried in it for 
about a fortnight. Rehman (loc. cit.) also 
recommends combined air and kiln-season- 
ing. The boards and scantlings arc air-dried 
for about a month when the moisture con- 
tent goes down to about 25-30 per cent. 
They are then cut into bobbin blanks and 
kept in a hot air kiln for about a fortnight, 
when moisture c^mteul drojjs down to about 
10 per cenl. 

Other materiuLs required for making 
bobbins are glue, .sand-paper, linseed and 
machine oils, black enamels, paints and var- 
nishes, tin and t<*rne plates and copper and 
brass sheets. 

Ordinal ily, only a lew simple machine.s, 
such as sawing machines, l)oring and drill- 
ing machines, turning lathes, etc., are re- 
quired for making bobbin?, and most Indian 
factories an* equipped with locally made 
machinery. For accuracy of production, 
automatic bobbin making machinery is 
necessary, and at present only the Bantdly 
factory is equipped with such a plant. 

Boring the blanks is the first stage in the 
manufacture of bobbins. This is carried out 
slowly and in several stages in order to avoid 


breakage of timber. The blanks are then 
roughed and passed on to turning machines 
where they arc brought to the final shape 
and size. Sukscquently grooves are cut at 
the ends and the metal shields fixed in a 
hooping machine. They arc passed on to 
boring spindles where tin? bore is increas- 
ed in 2 or 3 stages so that the bobbins fit in 
correctly on the spindles in the mill?. Ring 
rabbeths and pirns are given a tapering 
lx>re, and sliibbing and roving tubes, a 
uniform bore. I’lie bobbins are finally 
.^and-papered, painU'd and varnished. 

Ring rabbeths and pirns ar<* wry often 
bkick-enamclled to make them moisture- 
proof. Each l)obbin is tested for correct 
fitting on the appropriate spindle, and also 
for* true running 'by rotating the .spindle at 
mill revolutions .so that there is no vibration 
or wobble. .Slight <lifleronces in fitting are 
corrected by rincing. Very often tips 
of pirns and ring rabbeths arc coloured to 
distinguish various types of yarns. 

Jute mill bobbin.s .ire made in .'-'everal 
.sizc.s, but the sizes most in demand are 
io''X5'' for rove, bobbins, and 4"X2g'' 

.spinning 

bobbins. Rove lx>bbin is made up of se- 
jiarate .shank and end pieces, as it i.s too 
large to be. made in one piece, anil the worn 
out ends arc ea.sily re|)lared by new ones. 
A central hole is bored through sea.soned 
blank?, and these are 1 urned to proper shape, 
and the shanks and end pieces are attached 
to each other by means of hiile glue and steel 
pins. The hole in the spool is then reamcred 
to jjroper size, and the built-np bobbin 
turned to final shape. It is then sand- 
papered and finally immersed in oil. Spin- 
ning iMjbbins, which run at higher speeds, are 
generally made from single pieces and with 
a higher degree of precision. 

Before the War .some alumi- 

nium bobbins were also manufactured in 
Calcutta, but this was stojjpcd during the 
War, owing to demand for more es.scntial 
uses of the metal . 
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The manufacture of cotton textile bob- 
bins was started during the ’14-18 War 
with the establishment of a Govt, sawmill 
and turnery at Bareilly. Before World War 
II, the Indian Bobbin Co., Bareilly, 
was .supplying a small proportion of Indian 
requirements. But their products could not 
successfully compete with the Japanese bob- 
bins, which were much , cheaper. In the 
Bombay province, a number of smaller con- 
cerns were also producing bobbins both 
from imported and indigenous woods. The 
industry received encouragement during 
World War II, and a large number of con- 
cerns came into existence. But the Bobbin 
Control Order of ’43 led to the ch)sing down 
of many small concerns and now there are 
about 105 factories, mostly located in 
Bombay and Ahmedabad. The biggest of 
these is the Bharat Bobbin Works at 
Ahmedabad. 

The indigenous manufacture of bobbins 
for jute mills was also started during the 
fust World War. With the How of imports 
after the War, the industry suffered a set- 
back and collapsed. During World War II, 
it was again started mainly in Calcutta, and 
was able to supply all the bobbin require- 
ments of jute mills. The annual production 
capacity amounted to 1,86,000 gross bobbins, 
and 42,000 gro.ss bobbin-ends. There are 
at present about 20 firms in and around 
Calcutta, the largest of which is the Hindus- 
tan Bobbin Factory, producing about 550 
gro.s.s bobbins and 1,500 gross bobbin-ends 
every month with a labour force of about 
125. Bobbins for woollen and silk industry 
are generally imported. Some are also 
made in Bombay, Bareilly, and Bangalore. 

Since the beginning of the War (’39-45), 
Indian factories have been supplying all the 
requirements of the jute mills, and a major 
portion of the requirements of the cotton 
mills. The industry has been fairly success- 
ful in producing good quality stubbing and 
roving tubes and skewers. In the case of 
ring rabbetlis, weft pirns, Wadia pirns 
and ring doublers, the finish is good, but 


the fittings are generally imperfect. Dura- 
bility is below standard due to lack of 
suitable timbers, and imperfect seasoning. 
Haldu and kaim, although considered fairly 
satisfactory for the manufacture of heavier 
types of bobbim, are not well suited for 
lighter varieties, and a suitable substitute 
for imported beech and birch is yet to be 
discovered. 

AVERAGE ANNUAL IMPORTS OF BOBBINS 
INTO INDIA 
(Lakhs of Rs.) 


Qiiinqiienniiim ending 


’.'58-39 


’43-4-f 


In ’4+-4.'» • • 

Jtl.I 

.. ’45-4fi 

91-7 


In the. cjuiiiqciiniuiri ending imports 

were mainly from the U. K. (58 per cent.}, 
Japan (28 per cent.), and Germany (10 
per cent.), . and in subsequent years, from 
the U. K. (over 75 per cent.). The import 
duty on bobbins is 10 per cent, ad valorem 
and since Mar. ’.1.6, the duty on w'ood for 
the manufacture of bobbins has been 
abolished. 

The pre-War annual consumption of all 
types of bobbins used in cetton textile mills 
was about 340,000 gross and in ’45 it rose 
to nearly 477,000 gross. During the last 4 
years (’43-46), Indian manufacturers have 
produced 746,000 gross bobbins. 
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If the impurls into Bengal arc taken to 
represent only jute mill bobbins, the value of 
average annual imports of such bobbins 
during the (piinqucnnium ending ’38-39 was 
Rs. 5.9 lakhs, in the following <]uinqueii- 
nium, Rs. 12.7 lakhs, and during ’4.‘j-4G, 
Rs. 9.6 lakhs. 


BOILERS 

Boilers are of two kinds : ^i) iire-tube 

or .snu)kc-tubc boilers, in which the combus- 
tion gases pass through tubes .submerged in 
water in the boiler, and (2) water-lube 
Ijoilere in which water passes throiigh tubes 
surrounded by fire. Modern high pressure 
aiul high capacity boilers are of the latter 
type. 


JUTE .MlIJ. BOBBINS 
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* Bobbin Manufacturers Association. 
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FiffriQir sitioke-lub.e boilers include V''er- 
ticnl, LdneasHire, Cornish, Locomotive, 
Scotch marine and Economic types. .All 
these arc internally fired, except the last, 
and are seldom employed for pressure ex- 
ceeding 175 lb. per sq. in. or for evaporative 
capacities over 12,000 lb. of water per hr. 
Lancashire boilers arc popular in India 
and have an efficiency of 70 per cent . Their 
average life h about 30 years and some of 
them have lasted nearly 50 years. Economic 
boilers have a higher overall efficiency (75 
per cent.) and are easier to work and to 
clean. 


Type of boiler 


Boilers arc invariably fitted with certaiih 
controls : v^i(yjer-level gfuges,- steam pressure 
gauges, safety valves, feed check valves, 
fusible plugs and blow-off valves. For 
efficient working, they are provided with 
economisers, superheaters, feed-water pumps,, 
pre-heaters, water regulators and reducing 
valves. 

Certain precautions have to be okserved 
in the working of a boiler. It should be 
carefully lagged with non-conducting as- 
bestos composition for preventing losses by 
radiation. The furnace should be frequ- 
ently cleaned, anil the sludge or soft scale 
regularly removed. Scale and soot should 
be removed from the inside of the .shell 
and tubes. 


Evaporative capacity 
Hb, of water/hr.) 


Vertical 

ifto 

Cornish 

I noo- j..ooo 

TiOc*oinolivc 

2,tioo-- 0,000 

Lancasliirr 

1,700 rjj)on 

ICconomic 

1,500- 20,000 


Water-lube boilers are quick-steaming 
and Uieir capacity ranges from a few hund- 
red pounds to over 800,000 lb. Their overall 
efficiency is 86-90 per cent., and their 
average life, 20-25 years. The leading 
English types are made by Messi-s. Babcock 
and Wilcox Ltd., Marshall Sons and Co., 
Ltd., the Stirling Boiler Co., Ltd., Clarke, 
Chapman & Co., Ltd., and the John 
Thompson Watertube Boilers Ltd., of 
Great Britain. 

In India, vertical Iwilcrs are employed 
in most of tlie collieries, mica mines and dis- 
iilleries, and Lancashire, Cornish and Loco 
boilers, in textile mills, collieries and some, 
riefe mills. W^ater-tube boilers are mainly 
used in power hoitscs and bigger industrial 
plants such as sugar, cement and paper 
factories and to a limited extent in textile 
mills and collieries. The iron and steel in- 
dustries u.se all types. 


The pre.scncc of impurities in feed-water 
leads to variou.« troubles. Dissolved oxygen 
and carbon dioxide may cause corrosion 
and this may be avoided by increasing the 
alkalinity cf water by the addition of sodium 
sulphate and caustic .soda. Suspensions 
usually consisting of insoluble clay-like ma- 
terial combined with organic matter, con- 
solidate into a hard deposit and cause 
priming f discharge of water with 'steam) 
and foaming. Calcium salts produce scale 
formation, aiul magne.sium and’ sodium 
.salts cause corrosion. High concentra- 
tion of cau.stic soda leads (o caustic em- 
brittlement of boiler metal. The soluble 
salts are maintained at a minimum by 
softening fcctl-watcr. In industrial plants, 
feed-water is usually softetied by the 
lime-soda or base exchange process. Some- 
times .softened water or water from the 
mciin supply is re-treated with ‘boiler com- 
pound.s ’ to minimise corrosion, etc. 

Under the Indian Boilers Act, 1923, 
boilers must be registered and unless the 
standard conditions in respect of materials, 
design and construction arc satisfied no 
certificate is issued for the use of boilers. 
The certificate gives the maximum pressure 
at which the bciler .should be worked, 
the load to be placed, safety valves or 
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thickness ol washers or I'crruUrs required as 
safeguard against overloading, and the date 
and pressure of the last hydraulic test, and 
when applicable, of the main steam pij>es. 

With the exception ol’ some railwax' 
locomotive boilers made in the Railway 
Workshops (Humphries and Srinivasan. 
(k>nstr. Locomotives India State Ry. Work- 
shops, 1940) all boilers for indus{rial anti 
other purposes are imjwrted. The Tata 
Locomotive and Irngincering Ck>. Telco 
Works), Tatanagar, is now fully equipped 
with modern machinery for the inanufacture 
of Ijoilers' according to the standards of the 
IndianRy. Rd. The Company is manufactur- 
ing boilers for locomotives and road rollers. 
The works arc also turning out miscella- 
neous accessories for boilers, such as, ashpans, 
smoke boxes, tank reservoirs, etc. Most of 
the raw materials arc being supplied by the 
Tata Iron and Steel Ctt. Cold drawn steel 
tube and flues, high and low pressure sted 
and cop23cr pigling, and a few projjrictory 
articles are imported. 


AVERAGE ANNIJAI, IMRJKl.S tJt BOILERS 
INTO INDIA 


During ihc rndiiij* 

Rs. 

lakhs) 



'♦a 

■43-41 


Iti ’.h -45 

'eM 

» ’45-46 

1 1 li 


During the quinquennium ending ’311-39.. 
83.3 per cent, of the imports were from tlie 
U. K. The av. annual exports of boilers in 
tons from the U. K. to India during ’ 35'39 
were : internally fired boilers, 587 ; Loco 
type (for stationary i)urposcs), 235 ; wiUcr- 
tube boilers, 3>^®3 > other sorts, 547 ; Kco- 
nomisers, feed-water heaters and supei - 
heaters, 932 and other boiler plants, 95 

Inapprts are subject to a revenue duty ol 
JO per cent, ad valorem. 


BOOTS AND SHOES 

.\lthough the use of foot-wear in India 
dales back to remote times, its manufacture 
as an industry began in Agra, Delhi and the 
neighbouring place-!, only during the 
Mohammedan rule. The jiroduction of 
western types of shoes was introduced during 
the latter part of the Moghul period, in the 
neighbourhood of cantonments, to cater to 
Kuropeans employed in the army. Gradual- 
ly Indians also began to take, to Western 
types of foot-wear, and soon the industry 
expanded and sjiread to other big cities. 

Large scale factory production began 
with the manufacture of leather, by the 
Government Harness and Saddlery Factory 
at Cawnpore, in 1857. A little later two more 
factories, the Foy Bros. (i87-2), and Cooper, 
•Allerr & C’o. (r88i) were established at 
Cawnpore for the production of army foot- 
wear. The first organised factories for 
cvilian foot-wciir were started in 1900 with 
the establishment of the Stuart Tannery at 
Agra, and North West Tannery at Cawn- 
|jorc. Other factories .soon sprang up in 
some cities in the U. P. and also in Gwalior, 
Rewa, Bombay and Madras. 

The Stuart Tannery, although it closed 
tlown shortly afterwards, was mainly res- 
ponsible for the present large scale produc- 
tion at Agra, where its employees, trained 
in the sy.stcm of division of work, opened a 
number of -•rnall factories. World War I 
gave an impetus, and numerous small 
concerns si)rang up in almost every street in 
Agra. During this period, factories were 
also started in Calcutta,. Bombtw, and in 
various places in the Punjab. Be/pre World 
War II, southern India had only small 
concerns. 

Leather foot-wear in liitlia is made 
mostly by mochis or cobblers. Indigenous 
types consist of chappals, sandals and jooties, 
resembling slippers. Western types of foot- 
wear are mainly used in urban .areas. Hand- 
made shoes, which form the bulk of output. 
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arc manufactured on a large scale at Agra 
and Calcutta. Machine-made foot-wear is 
manufactured chiefly, by Cooper, Allen & 
Co., Cawnpore, and Bata Shoe Co., Bata- 
nagai' and ,!tahore, . • 

I 

In Agra foot-wear manufacture is almost 
cn|irely a cottage industry. About 50,000 
workmen -i 9 e engaged ;ih the production of 
17 million pairs eyeiy year. During World 
War II, production, including that of army 
foot-wear, was almost doubled, and the 
number of small factories swelled up rapidly 
to at least. 1,000, with nearly a hundred 
producing 35-100 pahs per day. 

In Calcutta, more than 1,000 skilled 
Chinese i^orkers are engaged in the manu- 
facture .of hand-made shoes, with about 
6,000 Bihari mochvt for sole-stitching. 
There are b^des another 10,000 Bihari 
mochis in Calcutta, of whom some 3,000 are 
producers of modem shoes, and 7,000, of 
indigenous shoes. During pre-war years, 
Calcutta was producing about 3I lakh pairs 
of foot-wear {Dtp. Jndustr., Bengal^ Bull. 
No. 86,. 1941, 34). Chin^ shoe-makers 
are. also found in all big (cities, and are res- 
ponnble for a large output. .Other import- 
ant centres of production are Delhi, Lahore, 
Rawalpindi, Gwalior, Baroda, Bombay, 
Madras, and Bangalore. 

MANUFACTURE OF BOOTS & SHOES 

All types, of leather boots and shoes arc 
manufactured in India. A modem boot or 
shoe consists of an ‘ upper ’ which is attach- 
ed to a ‘ bottom.’ Each of the two parts 
may consist of a single piece of leather, or 
of two or more pieces. The upper and the 
bottom are attached to each other by means 
of thread, tacks, rivets, staples, screwr, 
nails, adhesives, etc. 

/rtic upper of an ordinary shoe consists 
of an outside and a lining. The outside is 
composed of a vamp and a quarter, which 
niay fgaih be subdivided into other parts. 
The^vamp is iihe complete lower part of the 
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upper, and the quarter .is the top portion 
of the upper above ^e vamp Ime. The 
interior of: me npp^r is 
generally lined with soft 
leather or canvas. 

I ‘ ' 

The boittom, of an ordi- 
nary shoe consists of a sole 
and a heel,, ^e sole is 
generally composed , of 
several layers, such, as the 
outsole, the inmle, and in 
some castt, the midsole'. 
The heel is also . made of 
several layer&i .W; of 
sole leather or . it may 
consist of a block of wood 
with a top leather lift. 
AN ‘ UPPER ’ The insple is pasted inside 
with a sock and a heel pad. 

Other major components of a shoe are 
the stiffener or counter, toe puff, bottom 



Componenf parfs of a ahoa. 


filler, welt, etc. The stiffener is inserted 
between the outside and lining, , of . a shoe 
upper at the back part, fbr strengthening, 
and for preventing it from sagging. The 
toe puflf is a stiffener used under die toe 
cap to protect the foot. Bottom i^r is 
used for filling the cavity between the insole 
and sole, and fiir giving a solid bed to which 
the sole is attached. 

The shaiik or waist piece is a short piece 
of tough material attached between tl^ sole 
aiid insole, forming a bridge for' the arph of 





BOOTS AND SHOES 


the foot. It gives support and rigidity to 
the middle portion of toe shoe. 

The leather used may vary from light 
glace' kids to heavy leathers. Tne types used 
are : (a) cow and calf leathers, chrome- 
tanned, {b) cow and buffalo leathers, vege- 
table-tanned and curried, (r) cow andbufialo 
leathers, semi-chrome-tanned, (d) russet 
kips, vegetable-tanned and curried. Glace' 
kids, box and willow sides, box and willow 
calf, suede skins, imitation sambur leathers, 
patent leathers, glazed sheep skins, and 
reptile skins are employed for the uppers 
of quality shoes. Light skins, sheep and 
goat skins, calf leather, russet calf and 
cloth are used for lining. 

Bottom stocks, such as, soles, heel lifts, 
welts, etc., arc made from heavy leathers. 
Vegetable or chrome-tanned buffalo leather 
is generally used, but pit-tanned leather is 
superior. Impregnated toe puffs made from 
fabric are very common. 

Ci!hrome-tannecl box and willow .sides, 
kips and calf are manufactured principally 
at Calcutta, Cawnpore, and Madras, and in 
smaller quantities at Bangalore, Trichino- 
poly, Bombay and Sholapur. Higher and 
e.xpensivc grades of chrome upper leather 
are generally made at Madra.s and Cawn- 
pore. Glace' kid and chrome patent leather 
come almost entirely from Madras, and 
nubuck leather (white buck leather for 
uppers), from Calcutta and Madras. Vege- 
table bag-tanned sole leather come.s from 
Jullundur and other cities in the Punjab, 
and from the IL P., Calcutta and Bombay. 
Superior pit-tanned .sole leather is manu- 
factured in Cawnpore, Calcutta and Madias. 

During the War, the manufacture cf 
civilian foot-w'ear was stopped in most of 
•the organised factories due to their pre- 
occupation with War orders, and the civilian 
trade . slipped into the hands of cottage 
industries, and large quantities of hides were 
diverted to this channel. As a result, there 
was serious shortage of hides for the pro- 


duction of footrwear and other leather 
equipment required by the Defence Services. 
Consequently, the Government had to im- 
pose several control measures on large 
producers cf leather. 

•Soles and heels are often made of crepe 
rubber. Rubber sheeting from inferior 
grades may also be used. Sole and heel 
may be moulded from reclaimed rubber, 
cither separately cr in one piece (monolitli 
soles). Moulded products are generally 
used in cheaper foot-wear, and sole.s are 
channelled for .stitching. 

Wooden soles, common in some parts of 
India and Burma, arc made oi'Crolon ohlongi- 
foliuSt Gtnelim atborea and Mitragyna rotwidi- 
folia (Trotter, iq-jo, 174). 

For w’ooden heels, mango (Mangifira 
indka) and haldu {Adina cordifolia) are u^d. 
The former is very satisfactory, and the 
latter is liable to crack during nailing. Other 
timbers recommended are kaim {Milragym 
pamfolia), kanju {floloptelea mkgrijblia), Gar- 
denia spp., nimi chambeli {MUlingtonia lior- 
tensis), Kydia calcyina (Trotter, 1944, 199). 
In other countries maple wood (.-Iri'r 
spp.) is preferred for wooden heels. 

(icncrally, steel, wood, bamboo, and 
sometimes leather arc employed for slianks. 
Steel is generally used jn ladies’ shoes, and 
wood is preferrc'd for men’s and children's 
foot-wear.. Bottom fillers, made of bondeil 
granulated cork or leather scrap, should 
be waterproof. 

Another indispensable requirement of 
foot-wear industry is grindery which in- 
cludes such , items as, thread, wire and 
tacks, rivets, . eyelets, buckles, heel and . toe 
ti|)f'. For these, India is entirely depcntlent 
on imports. from the U. K. and the . 

During the .last VVar, , owing , to shqrtggc 
of grindery, the method of foot-wear m^tiu- 
facture had to be modified to suit av^ailable 
materials. Small quant hies of brass screw- 
ing wires, iron toe plates, and heel tips wxrc 
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made during the War, but not eyelets or 
iron nails. Production of heel and toe tips 
during ’41 and ’43 was 59,2 million jiairs 
(Thomas, Rep. Develop. lndu.str. War Sup- 
plies, 1944, 18). Stains and polishes are 
now prepared in India. 

W'oodcn lasts are generall) imported. 
Some quantities arc made by Batas with 
last making machinery, and at Agra by 
crude methods. Lasts are also made at 
Sialkot and Julhmdur from smoo and 
mango wood. Lasts generally have metal 
bottoms against which lasting tacks arc 
clinched. (Considerable quantities of < ast- 
iron lasts arc made at Agra. 

criic wood required for bor)t-lasts in 
addition U) being tough, should also l)c able 
to stand repeated nailing. It should be 
fine textured, moderately hard, and of a 
medium weight, and must be able to main- 
tain its shape indefinitely. Datbergia sissoo 
(sissoo) is probably the best, and is popular 
in northern India. Acer spp. and Prums 
padus (bird cherry) arc considered second 
best. Ehretia laevis, Omelina arborea, Gardenia 
spp., iMgerslroemia fas-reginae, MUragym par- 
lijolia, Polyallhia cerasoides and Zizvphus 
jttjuba arc also considered useful (Trotter, 
1944, 1 19). Lasts are made from beech {F'agus 
spp.) and hornbeam woods {Garpinus spp.) 
in foreign countries. With proper care a 
pair cf lasts will .‘crve fin' 7-8 ycarr. 

The production cf foot-wear by ma- 
chinery if a highly skilled industry in which 
careful planning and proper dcfigning are 
of the utmost im|x>rtauce. The former has 
to take into account the availability of raw 
.materials (leather and grindery), and the 
factory’s equipment and capacity. In the 
latter the designer is required to produce 
attractive styles to suit the prevailing de- 
mand and to cut master patterns to those 
designs. The factories generally concen- 
trate on one, or perhaps two types of foot- 
wear, and it is seldom that men’s, ladies', 
children’s and sports foot-wear arc manu- 
factured by the same firm. 


The production of foot-wear by ma- 
chinery involves several different operations, 
which may be grouped into seven major 
stage.s, viz., clicking, bottom-cutting, pre- 
paring, lasting, ami making and finishing. 

Clicking, the cutting of upper compo- 
nents, is done mcstly by hand, using tin- 
plate patterns and hand clicking knives. 
The tjuality of upper and e<’onomy irj, 
cutting depend upon ])roper sclecti(.n of 
materials, and u])on the technical skill of the 
clicker. Ihc ci>mponents are carefully 
matched, and before closing they are skived 
(edges thinned down for ease in seaming), 
and beaded. Ornamental work, if desired, 
is done at this stage. The lining components 
stitched into a complete lining, are then 
attached to the upper by chain stitching. 
Four or live pairs cf eyelets are inserted 
and clinched, and the upper is tightly 
laced before it goes for lasting. 

Bottom-cutting involves the cutting of 
insole, outsole, midsole, heel lifts, wcl*, 
etc. The leather is prc.ssed between rol- 
lers and the components are stamped out 
by press machines, containing hollow dies 
with cutting edges. Insoles are cut out of 
light leather, and those cut from heavier 
stock are skived to j)r«)per thickne,Hs. Welts 
arc generally cut in the form of narrow 
strips from scrap sole leather. The sole 
pieces arc then compressed, shaped, skived, 
moulded and channelled, to make them 
ready for attaching to the upper. W^oodcii 
heels for ladies’ shoes are turnetl from rough 
blocks of wood and arc then fixed with a 
lop lift of leather or rubber. 

I'hc next operation is ‘ lasting.’ The 
closed upper is pulled over lasts and fixed 
to the insole. The stiffener and toe puff 
arc first cemented between the lining, and 
the upper and the insole are lightly fixed 
to the last with tacks. The edges of the 
upper are pulled over the last uniformly, 
and lightly secured to it, before being passed 
on to the lasting machine for more secure 
attachment. Here the .sides, toe, and heel 
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seats arc in turn lasted by drawing the upper 
and lining lightly down to the last and per- 
manently fixing it to the insole by tacks, 
staples, stitching, etc. After lasting, surplus 
upper material i.s trimmed, and the bottom 
is levelled and moulded to proper shape for 
attaching the scle. 

The lasted upper is then bollonie<l in 
the making section. 'I’his involves the fixing 
of the outsole after insertion of fillers and 
shanks, and various methods of attachinent 
are iii vogue. In machine-sewing, the lx)l- 
torn is fixed to the upper by a vertical chain- 
stitch seam, in a lllake sewing machine. 
In staple welU'd attachment, the welt is 
stapled to the upper and insole, and the 
sole is fi-xed to the welt by .stitchingor riveting. 
'I'liis method has more flexibility than other 
metallic fastening methods. In Goodyear 
welted shoes, the .sole is attached to the 
welt in a channel by a \ertical lock-stitch 
seam. In making heavy sho<‘s, such as army 
ankle boots, the, mid.sole is .solidly liveted 
and clenched on the lasted insole. 'I’he 
.sole is then lock-stitched and the bottom is 
reinforced by screws. 

Stitchdown is a direct attachment made 
with thread onl\, and is widely used for 
children's l<)ot-wear, and gives a flexible 
foot-wear, (’ementiiig gi\e.s a Ilexible at- 
tachment for light foot-wear, and is very 
popular. The sohr is fixed to the lasted 
upper and insole, or to a stitched welt, by 
an adhcsi\e. In pnnip shoes, the upper i? 
lasted with cement or tack.«, direct to the 
SC/lc. 

When the sole is nearly complete, the 
heels are permanently fixed with steel pins. 
Iron toe plates and heel tips are fitted to 
Army boots. 

When a crepe sole is used, it is cemented 
to crepe midsolc which is blake-sewn to 
the insole and upper, and the heel is at- 
tached by cementing. Soles made of rubber 
sheet or moulded rubber, and also monolith 
soles are machine-stitched, and heels are 


nailed. When wooden soles arc iiscil, the 
.shoe is made in the ordinary way up to the 
attachment of the bottom, and the wooden 
sole is then screwed on, riveted, or cemented. 

The bottom is then finished, and dressed 
with blacking or stains, and finally wax- 
polished. The lasts are nc.xt pulled out, 
.sock linings and heel pads attached, and 
the upper and lining cleaned with soap. 
'I’hc shoes, })laccd over trees (last-sha])ed 
forms), are ironed to remove wrinkles, and 
finally dres.scd and polished. Tlic finished 
shoes are wrapped in paper and packed in 
cartons. 

Kxcept the factories of Messrs. Goopen’, 
Allen & Go. and Bala Shoe Go., which are 
completely mechani.sed, leather liiot-wear in 
India is mostly hand-made, d’he majority 
of Indian shoe-makers generally employ 
an upper sewing machine, while carrying 
out all the other operations by haiul. 
Some factories use machines for lasting, 
blake-sewing and bottom finishing. In 
large factories, other openations such 
as bottom cutting, perforating, eye- 
letting, skiving, etc., are also done by 
uuK'hinery. 

KUBHKR .SHOES 

The bulk of the so-calletl rubber shoes 
manufactured in India consists of rubber- 
soled canvas shoes (plimsolls), rhe upper is 
])repared by coating canvas with a thin 
layer of rubber. The lining material (un- 
bleached cotton twill) is coated on one sidi; 
with a thin layer of the rubber composition, 
and is covered firmly with the canvas upper. 
The material thus prepared is cut iiito 
uppers of different sizes by cutting dies. 

'Flic sole is criflerent in thickne.ss at the 
heel, shank and toe portions, ami is cut 
from milled crepe rubber sheets. Foxing 
and toe guards are made of special rubber 
composition by extrusion. During the last 
War, jute soles replaced rubber soles in 
some canvas shoes. 
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In the making of the shoe, the upper 
components arc pasted and lock-stitched into 
a ccmpletc u])pcr. The completed upper is 
fitted with eyelets, laced, and lasted. Finally 
the sole is attached h\' means (»f rubber 
adhesive. ‘ 

The cenientcd shoes are treated with 
steam for about i'.2 hours at about 300"F. 
and 3 atm. pressure. This makes rubber 
monr Ilexible and durable. The shoes are 
then cooled for about half an hour, after 
which th«*v are taken olf the lasts, carcfullv 
checked, and packed into cartons. 

In manufacturing all-rubber waterproof 
shoes, the upper is cut frtuu a calendered 
sheet of rubber coiujx'. iti.in. 

Before World \\ .ir I, rubber foot-wear, 
rubber-solcd caiuas shoes, and all-rubber 
shoes were bering imported from the U. S. A. 
(.Iheaper Japanese products subse(|ucntly 
(aptiired the market, and in 1931 imports 
from Japan reached 1 1 million pairs. The 
Bala Shoe (lo. began the manufacture <*f 
])lini.solls in India in 1933 and their capacity 
is now about i") million pairs per annum. 
Before the last >Var, a luunbcr of Indian 
plim.soll factories cariu- into existence, but 
sexcral of tiu-se were assemlding ])lants 
!uakiug complete sho<;s from imported 
Jajtanese compoiieuls. Imports of plimsolls 
from Japan soon declined and in 1940 
Indian producers exportcti 4.I milliou pairs. 

I M ) J { ; E.\ 1 1 L' S I ttt ) 1 -\V J ',.\R 

Indigenous types of foot-wear include 
iiiioifhix, iKifiras, Pi'^han an t happals, joofu’s, 
fimppals, sandals, half slippers, etc. These 
are manufactured all over the country, 
♦•very province having its characteristic 
ty])es. (loai'ser muudns are mainly' used 
by the poorer c busses, whereas cliappals, etc. 
are worn by the upper classes. Superior 
joolii-s and cr/r/ jool'm (gold or silver 
embroidered) are made mostly in the 
Punjab, while ordinary chappals are 
made in Western India and in (Calcutta, 
Mailras ami Cawnpore. In N. W. F. P., 
especially at Peshawar, Kf)hat and Bannu, 


large quantities of Peshawari chappals are 
made for local use and also for export to the 
Punjab. 

For mundas and other coarser types of 
foot-wear generally bag-tanned buflalo 
leather ir used for the upper and the sole, 
and for better grades, bag-tanued cow 
leather is used for the upper. Superior 
types of chappals are made from chrome 
leather uppers. In the manufacture of 
mundas. nairas, ami zari joolies. cut uppers 
after closing and beading, are stitched to 
the sole with tliread or leather. No lasts 
are employed. 



cii \ri>\i. 

t / iw/'/ay/a consiyl essculiall) of a sole and 
a number of straps J<»r upper.s. Wi,lli very 
few cxccp'tion.s, uppers arc always straps ol 



various shape and width, and they arc 
arranged to prf>vidc a firm grip around the 
instep and the big toe. In chappal making, 
bottoms and uppers are prepared separately,\ 
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and uppers arc attaclicd to the sole by 
Glitching, nailing or riveting. 'Die Pi*sha- 
wari chappal^ which is being incn^asingly 
used, is made from a separate insole, sole 
and heel, two vamps, two (piarlers and one 
back strap, and is ntt(‘d with buckles for 
fastening. 

Kinbroidered slippers are known as Z(ni 
joolies. The mauuracture of these artistic 
foot-wear developed in India during the 
Mohammedan period, mainh’ in Agra and 
Delhi, (iold and siKer thread(‘d shoe's, with 
rich ornanu'nlations on thi'in, aie at present 
manufactured in Delhi, the Punjab espc'- 
(dally ill Jlieluindist.'), th(‘ I*. P., the (k P., 
Jaipur, Sind, and (lalcutta. The inakiiig 
of theseshoes is a liiu'arl. riu* uppi'is are 
cut and patterns marked on (hem l)y men. 
Kinbriudery is done mainU by women. 
'Fliere are innumeralile shapes, varic-ties 
and (hvsigns, but lonsidi'nng tiu* higli (piali- 
ti(‘S of (‘inbroidi'iy on tlusi* slioes, the h altu*! 
used is often of inferior grade. 

I^RODI CHON, IMFOK'IS, .vt lAI’OUIS 

In pre-war years, India produced an- 
nually about 70 million jjairs of indigenous 
types ol' foot-W(Mr and million pairs of 
VVi'stcru types of lbol-i\ car Rcj). Marketing 
Hides India and Purina, po'. During 

World War II, tlie oiitpui was i.p) million 
and ;{o million pairs |)er annum, n s[je(’ti\ely. 
During the War, the number of worki'is in 
till' shoe trade neailv doubh-d. Messrs. 
Ckuiptr, Alh'Ji & t'o. inereasi'd their labour 
force from :i,ooo to 10, 7^)0, and IJatas, 
from ;{,boo to 7,^)f)0. Hut production in- 
creased only t(» alxnit ji per <cnl. Mm h (d 
the extra labour was employed lor the 
pre[)aratu>n i.f subsidiary ttrticics and ma- 
terials rer|uired for making Service foot- 
wear. Purther, several mechanical 
operations had lobe performed by hand. 

Production of Service foot-wear increased 
at a tremendous rate and a large* number 
of new types were designed and iiiaiiu- 
factured. These includeel women's Serxice 
foot-wear, specialized foot-wear for Air and 
Naval Services and for jungle w arfare. The 


most important tasks in developing Service 
foot-wear were the skilful sclei tion of 
components from axailable matiaials, and 
the developing of substitutes for materials 
in short sup])Jy. Amongst the latter, r<‘- 
claimed rubber fiir rnbber-solcd slnrt s, re- 
placement of rubber soil's by jute soles, 
rubberised canxas legs in place of rubber 
legs in km*(‘ or gnin boots, aie worth men- 
tioning. Shortage ol heaxy sole leather w^is 
oxercomc by the infroduetiou of laminate 
half soles, and otlu-r repair components {yidr 
also Minisi. Supply, Ia>nd.. A Sindy of Subs- 
titutes for la*aiher. ifMbi. 'I’here was also aii 
acute shortage of grindery, and this wasov('r- 
lome by alliaing the design ol tlur 'make.' 

.\s a ri snh ol tlu* iucri-a.s'*d dcin iml for 
the Fivrccs, tbaslic ciils liail 10 be m uh* in 
thciixilian market, where a- lUe sliorlagc 
pre\ ailed ihrouglioiU tin* War. During the 
War, pricis ol loot-wcir i)i’gan to rist* 
raj)i(lb with increase in the piicc; of raw 
materials, and (l;is ieudciic\ was grcatl'^ 
checked b\ ( ojilroi. 

Out ol' the eb million pairs t»fh*alhcr 
li>ot-w(‘ar supphed to tin Arm\ during lh.‘ 
liMal period of the War, moia* than jo mil- 
lion pajr> ueie supplied b\' (k>f>per, Aflcii 
iS: do., and J. ) iiiillioii b\ Shoe 

( ’o. riu'si* t (Tnsiv.(**il of million t)iii< 

o!’ ankle l)ools, i .-yj miMioii pair^ ol' blaek 
l(‘atlu‘r duns lor \a\'al and .\ir l''op\ s, 
millieu ptiis of /V v'.aw// 
and o.7)(> niillii pair.s « f '..ludals. Of tlie 

million [)al!s of rub!)e- and cativ.:; 
supplii'tl to I lie .\r.'uy (hii !;ig (it': vV.u, fill is 
supplied about Jp.y) milli<^)ii p.drs iueliidiug 
jt>.2 minion jj.ius of |)lim>; Ils. 

Pre-war pKaluclion i»flcat!ur li>ot.-Wv‘ar 
w.is suditiciil for di.;tribuli():i at die ran* of 
one pair pci' five p<*rsons. With lucrcaa' in 
the standiiiil i.f living, tiu* potential demaiid 
may \)r put at a minimum oi* .pio milliau 
pail • |a i anmmi. I’lic total supjiiies of hides 
and ^’kin.v axailable in India exery year, even 
if solely used for the production of leather 
focl-xvear, xviP not. be siiHiivent fm* more 
than 200 miHicu pairs. 
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annual PRODUcrnoN of hides and pre-war production of leather 

SKINS IN INDIA* FOOT-WEAR IN INDIA* 



Million 

pieces 


Leather 

used 

(Million j 

iFoot-wca 

(Milltm ' 
pieces) ; 


- 


pieces) 

Buir hides 

5*7 






Country types . . 

»-75 ; 

2.0 70.0 

Kips 

. . . . 20.0 

Western types 

2.10 

2.1 1 6.8 

(h>al skins 

27.5 




Sheep skins 

i 7 .*> 

* Rep. Marketing? Hides India & 
Markclini; Skins India & RiiiTTia^ 

Hiinna, loc. cit. ; Rep. 


* Urp. ^farkf.‘lin|^ Midi’s India & Htiriiia, loc. cit. ; Kop. 
Marki-lini* Skins India &. Jtiiriiia, iij-pj. 


AVKRA(;K annual IMIHMVIS Ol boots and SHOLS into 1NJ)TA 

LBy. (ill llumsaiuls pairs) ami val. (in thousand rupees) 


1 

i 

All lea tiler 

1 

Rubber 

.seded, 

eanvas 

upper 

Rubber 

soled, 

other 

uppers 

All 1 

ubber 

Other 

materials 

'Total 


C)iy. 

\al. 

U'y- 

Val. 

1 Qty. Val. 

Qty. 

VaJ. 

Q'y. 

\’al. 

Qly. 

V.al. 

In (|uiiupieniiiuin end- 
ing - 

31 1 



:5<j3r> 

• • • • 

• • 


281 I 

1 171 

847 :{ 

680 1 


420 

I 269 

J 37 ;{ 

8fu| 


250 

13 » 

87 

'37 

217.5 

2452 

M:H1 


280 

3 ^* 

33 

»3 '5 

10 

»9 

23 

45 

160 

292 

In ” 

1 

*4 

I 

I 

: 




I 

2 

16 

„ V|r,.46 .. 


68 



. . 

3 

9 

2 

14 

10 

9 ' 


In ’sS-jjy llic cliiVorent types of bonts and 37.9 ; rubber soled with uppers of leather or 
phoes imported into India were : all-leather, other materials, 1.5; all-rubber, 2.8; and 
25.4 ; rubber soled with canvas upper, of ether materials, 5.5 per rent. 
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IMPORTS FROM PRljNCIPAI. SUPPLYING COUNTRIIM 
IN ’38.39 

(In per cent.) 


lypr 

Japan | 

U. K. 

Caccho- 

.sluvakia 

All-leather 

Rubber soled, with canvas 
uppers 

Rubber soled, with ii[>pers til' 



77 

40 

Ir.ilher or other materials . 


8 

«r» 

All-rubber . . 

:i4 

*9 

in 

*1 

ri:! 

Other materials 

8 

All varieiie.s 

23 

u 



Japan was (lie cliief supplier of plitnsulls, 
aiui Czechoslovakia, of all-leather and 
iitlier types of shoes. 

Imports of boots and shoe.s are .subject 
to a revenue duty of ^5 per cent, ad valorem 
or six annas per pair, whichever is higher, 
plus 1/5 of the total duty. Uppens for boots 
and shoes, unless entirely made of leather, 
are subject to a duty of 25 per cent, ad 
valorem, or three annas per pair, whichever 
is higher, plus 15 of the total duty. 


AVKRACiK ANNUAL EXItlRlS Oli BOOl.S ANII 
SHOliS FROM INI)L\* 

Qtyr. (in thounand pairn) ami val. ^iri thousand runns) 


Innui„q..r„niu,P 

upprr 

Other 

materials 

Tulal 

Oty. : \ al. 

Uty. Val. 

i.>iy- ! 

Val. 

■ve:<4 


2 \^ ' 




2,1 li) 1 

1, VI-* 

’4:1-44 CJ79 

i.r.oi 

2, 8:1:1 1 


III ‘l4M'» 

iti-.; 1,(111 

181 1 

i,ni7 

„ *4!)-4b 

'•jlb 

i(i7 

r,lH 


♦ Kxpiirts of nililvr stilfd r.inva.s simrs liavi* Iwfii rm'iinlcil 
srparalrly IroTii 


Exports of liuliiiiL bools aiul sIiol's sliow- 
c*(l a niarkctl iiicrraso aftt^r 
reached a j)cak of 4.C) million in ’40-.|.r. 
Exports ill consisted principally oF 

plimsolls (<>9 ])cr cent.), to Portuguese 
East Africa, British West Indies excluding 
Bahamas, and Burma, each country taking 
about 25 per cent, of tin? total exports of 
])limso]ls. Burma was th(‘ chief market for 
other varieties of Indian boots and shoes 
(68 per cent.j. 



IMPORTS & EXPORTS OF SHOES 
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BRASS AND BRONZE WARE 

The ipaking of brassware is mostly a 
ccfCtage industry spread throughout India, 
large mechanised factories being found in 
a few places like Bombay and Poona. 
In recent years, owing to increasing 
popularity of aluminium, enamelled iron, 
and porcelain vessels, the demand for brass 
and bell'inetal ware is showing a slight 
decline. 

Bengal has a widespread brass and bell- 
metal ware industry, important centres for 
brassware are Dhamarai (Dacca), Palong 
(Faiidpur), Matiari (Nadia), and Dainhat 
(Burdwan) ; and for bell-metal ware Dha- 
marai (Dacca), Nawabjung and Araipur 
(Malda), Khagra (Murshidabad), Sadhan- 
para and Sarak (Nadia), Karar (Midna- 
pore), and Vishnupur (Bankura). Vishnu- 

B ur also produces German silver articles. 

luring 1939, production of brassware was 
75,000 md., valued at Rs. 22 lakhs' and of 
bell-metal ware, 51,000 md., valued at 
Rs. 32 lakhs (Rep: Surv. Brass & Bell-metal 
Industr. Bengal, 1939, 5). 

In Bombay province the industry is 
widely distributed, the most important 
centres being !^mbay, Poona, Nasik, Hubli 
and Pardi (>Surat dist.). Large factories in 
Bombay and Poona manufacture tiffin car- 
riers, buckets, cups, saucers, lotas (tumblers), 
thalis (plates), cooking utensils, etc. 

In the U. P., the chief centres of brass- 
ware production are Moradabad, Hathras, 
Mirzapur and Benares. Excepting thalis, 
trays, tea-sets, etc., which arc made from 
sheets, almost all the other articles arc made 
frpm scrap. 

Moradabad is famous for utensils and 
artware. About 60 per cent, of production 
consists of utensils ; 30 per cent, of orna- 
mental brassware ; and to per cent, of 
E. P. N. S. ware, and cutlery. Further, 
brass utensils, imported mostly from Bombay 
and Poona, are here polished and tinned, or 


nickel-plated, for sale as Moradabad ware. 
The artware consists of ornamental cast- 
ings, such as, engraved and lacquered 
pan-dans (boxes for betel leaves smd nuts), 
flower vases, trays, thalis, cigarette caiws, 
ash trays, etc. During *45, ornamental 
brassware worth about Rs. 50 lakhs was 
manufactured and a fair amount was ex- 
ported to America. 

Benares has specialized in line and. re- 
pousse' work on sheet and hollow brass- 
ware, and at one time had an overseas 
market, but trade is declining. Brass artware 
is made entirely from imported sheets, 
while scrap is utilized for domestic utensils. 

In Madras, Ghittoor (Tirupati), North 
Arcot (Vellore), Trichinopoly (Lalgudi), 
Tanjore (Kumbakonam) and Madura 
dists. are well-known for brassware, and 
Chitoor (Kalahasti), Madura (Dindigul) 
and Malabar dists. for bell-metal ware. 

Delhi has a fairly good brassware indus- 
try of the Moradabad type. In certain 
factories, the articles are machine finished, 
tinned or electroplated. 

Among the States, Jaipur and Porjoandar 
are famous for high 'quality brassware. Jai- 
pur is especially noted for its artware made 
mainly from brass sheets, comprising trays 
with arabesque designs from Indian pat- 
terns, engraved vases, repousse' work, etc. 
Baroda and Kashmir also produce repousse' 
articles. Brassware is also made in Mysore, 
but the finish is not good. ,, 

Until recently, Indian brassware industry; 
depended solely on imported brass sheets, 
and on scrap. The use of old and brpkmi 
articles entails additional labour as they 
have to be melted to prepare ingots. There 
arc now a number of small rolling mills 
distributed' throughout India, and bigger 
brassware manufacturers prepare their own 
sheets and strips. Brass sheet of very g(^ 
quality is manufactured by the Indian 
Copper Gorph. at Singhbhnm. In i947> 


m 
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3. Aftaba FROM Ml RAnAHAO 


4. Surahi FROM JAIPUR 




lOfcASS: AND BRONZE WARE 


SMct^ iad it li es&nated tliat Kicreafter 
tfac : ttverage aim will be 

cv. 4%ooo ton:^ 

Bdl-metal (Ctt;, 7 ; Sn, a) is a wdUcaown 
alloy of 4ie broiae type'. It it motdy ob- 
tained by melting down broken vestels. In 
Bmg»b a ttnaU proportion (about 10 per 
cent*) is made directly from copper and 
tin. Ordmary gnn-metal . arid w(a, an 
inferior bronze, are also used; 

SharMf a medal kind of gUu-metal, is 
used only in Bengal, especially in Dacca. 
It is made from brass, copper and zinc, 
and is usually ^tain^: b;^ md^ng broken 
vessefii^ Ibu auby is not so malleable as 
bell-metal or brass, and can be woiled 
<mly by castings The afitieles manufactured 
from ittonsbt cluefl^Hiind)lerS and cups. 

s . 

Imported German silver sheets are used 
mainly in Moradabad, and in Vidmupur. 
Gutti, preinued by meltii^ cupro-nudLel 
. scrap and me, in the ratio of 3 /: i, is used 
in Moradabad for casting £. B. N. S. ware. 
BkoKet, an alloy used in. Kashmir, is an 
inferior bronze made by mdting together 
equal quantities gun-metal and .j6s(a. 

MANUFACnmE 

Thine are two. methods of manufacture 
of brass and.bell-metai w^ : the betdmg- 
process^' and die castii^ process. Theforitter 
IS mofftiy done by hai^ and the opmtions 
'^ con^t j^amelting, forging, hammerii^.and 
beatthg imt in the cold, scraping, ipnning 
and potidung. It is used for maldi^ brus. 
and- bell-metal ware from scrap, maa^ in 
.. Scaap u imlted m earthen ^cibles. 

. nij^rmdlten mrdal,. after. clarification with 
/a ditle bcMriix and. salt, is pound into sntidl 
feaimen: poik^ ingots are 

to proper 

ivtize. and . ■ The pfebee;. are .&udly. 

;;|taidisar^iedxni>d^^^^ wbodm 

, ljii^,« anA;;:iwlW^ ^blni:^. with 

' jafe; ^fibteiji'’^ "eoinv':' .smeared' '.with;' .'some 


oil, and ihineral . acid. Sheets are being 
increasingly for making utenrils. lluy 
are- cut into pieces of proper size and shape. 
These are then iuocessively heated and 
hatijanered to ■ shape on an iron anvil. 
The -]>art8 prepared are joined together by 
steering, or by brazing with brass. Firmer 
joints are made by the use of silver in pUtce 

brass. Trays, plates, etc. are made fion* 
single pieces, and require anvils of different 
diape. German silver sheets arc also treated 
in tne same manner. 

Gun-metai and other inferior alloys con- 
taining brass, c<q>per and zinc, and which 
are not so malleable as bell-metal or brass, 
are usually cast. . Bharan tumUers andcups 
alsoarecast. 'Hie cast articles are scraped by 
means iff a chisel, and polished on a lathe. 

Two methods of casting are employed; 
. In the first, both the mould and the crucible 
containing the meul are heated together. 
In the second, which is more common, the 
molten metal is poured into the mould. 
In the case of some vessels, the parts are cast 
separately and then soldered. The cast 
articles are then filed to remove surfece 
irregularities, and directive castings are 
soldered. They are finally scraped by mi»anK 
of chisel on an improvised lathe, and 
finished. 

In mechanical production, brass circles 
of s^, 81,. M S. W. G. (Ou, 70 ; Zn, 30) 
are drawn in stages according to the depth 
required, followed by spinning operations in 
(me pr more steps, as in the case of 
aluminium ware. Very few articles are 
spun directly finom circles. Deep pressings 
are made with intermediate annealings 
Parts of brass utmsUs are joined together 
by riveting mr prating. The suifece is 
thra scraped in a lathe, or rough 
with emeiy paper. This is followed by 
buff pitiishii^ lyith abrasive soap, or buro** 
ishing with a blunt tool which gives the 
article smoothness and high polish. 

When finishing cooking and housdiold 
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utensils, they are given a rough scrubbing 
uith a inixture of powdered charcoal and 
tamarind pulp, or with emery paper, fol- 
lowed by further beating with a small, 
sharp hammer, till the entire suiiace is 
covered with facets for om^ental effect 
Some articles are finished in lathes, and 
polished. Thicker vessels, and those in 
which the inside is not polished, are finish- 
ed by. pickling with nitric acid. 

Moradabad articles, are given a final 
coating of pure tin {qalai work). In qqlai 
work,, the vessel is heated in a hearth, and a 
piece of tin is placed on it. When it melts, 
sal-ammoniac is sprinkled on it and the 
molten metal is spread on the surface widi 
a cotton rag. During subsequent heating, 
the body is completely covered with tin, 
and the coating is extremely durable. After 
tinning, the vessel is washed to remove sal- 
ammoniac and again heated, when the 
coating hardens. It is finally rubbed with 
a powder made from fragments of old cru- 
cibles, and polished with a mixture of 
kurand (corundum ?) and vegetable oil, and 
then with wood ash. Owing to high cost 
of tin, it has been rralaced, now, by an alloy 
containing i part oi tin and 3 parts of lead, 
with consequent deterioration in quality 
and durability. Moradabad ware is also 
.increasingly electroplated with nickel or 
silver. These finishes, though cheaper, are 
not so durable. 

ARTWARE 

The chief centres for brass artware are 
Jaipur, Moradabad and Benares, and the 
work consists of two types : engraving and 
embossing. Other important centra for 
'artware are Kashmir^ Barod^ Nasik and 
Poona. 

In embossing, the design is brought into 
relief by hammering. Hollow vessels ^ 
filled with hot pitch or a mixture of re(^, 
powdered bricks and vegetable oil, which 
on cooling forms a hard core. The outline 
of the design is first chashd out, and the 


ground, is gmtly hammered with smalliron 
punches^ raplti)^ in a flat .relief of the 
design. For hignei* reUef, the operation is: 
. reputed. Flat artiples, such as, /Ao/u,-' 
trays, etc., ai^ fixcj^ ip pitch or gum, and 
hankered. . , .The. \pitch is then removed, 
and "tile .sur^e ppiislycid with tamarind pulp 
and water, and . tlfen with .acid. Repousse’ 
work is a speciality of Jaipur and Benares. 
At Jaipur it is often engraved, while at 
^eiiares' the background; may . be plain, 
frated. engraved, perforated, or 

ciit ^ihto jWtir (screen, or lattice work). 
B'aroda and Kashmir ' al$6 make repousse' 
work..' 

.. Engraved brassware is made principally 
at Moradabad, Jaipur and Benares. The 
workman, with a small mallet in one hand, 
and an irop graver in the' other, works out 
figures or conventional deigns' of flowers, 
etc., on the article, fixed to a ’lac blacking. 
Other designs . prevalent are -jungle scenes 
of aipipals, landscape and imagery. These 
are generally made from, memory, no pat- 
terns or. tracings bping employed. For 
lacqueringy the vessel is warmed and the 
portions chased: out are filled with coloured 
lac. Excess of lac is . scraped of!', and the 
surfece polished with kufajtd, oil and wood 
ash, using felt and cloth. 

At Jaipur, three styles of engraving are 
done. Iney are known as ckikan, marari, 
and bidar. .Sometimes engraved and lac- 
quered articles are nickel-plated^ In chikan, 
the design, which is usually a bold floral 
decoration, stands out in relief against the 
background, which is chased out and filled 
with lacquer. The flbwe^ also may be 
slightly engraved. Marori is very much 
finer work,, in which the . background is 
covered wth minute lacquei^ engra\dngs, 
sometimes circular. In bidar ytork, the 
entire article is covered with minute leaves 
and flowers in reliera'gainst a chased back- 
ground, filled with black lacquer. The 
design is not so delicate .as in marori work. 
Occasionally Jaipur engrayings are done on 
silver-plated articles. 
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MAKOKI WORK 

Moraclabad brass artwarc ^eiicrall)- 
consists of rast articles. Engravings may be 
plain, or of siah qalam work. In the fbrmci:, 
the floral pattern, is engraved or incised 
on a tinned article so thdt brass .shines- out 
against a white background. Sohietimes, 
the inside of the decoration is ornamented 
with frosted patterns (suiifba) and indent- 
ations (mk), by hammering with a. steel 
punch. The engraved articles are. Anally 
hand-polished. This type of decoration with 
incised floral patterns is also engraved on 
lain brass, and the articles are finally 
uft' iwlished. 

Utah qalam work, similar to hidar riylc, 
is characteristic of Moradabad- In this, the 
design is in rdief against a chased out back- 
ground Ailed with black lacquer (cf. Bid- 
riware). In modern work coloured lacquer 
is also used for Ailing the background. As 
$n Jaipur artware,. engravings may be of 
,'dififerent grades of fineness, Mkan or marori. 
Sometimes siah qalam work is nickel or 
silver-plated. 


Benares engravings arc quite different 
and are not given any lacquering or plating. 
The outlines of the design are chased and 
the background is frosted by hammering 
with a small steel punch containing a hosted 
design in relief. Now-a-days the entire 
design is being made by using hammering 
punches, with different designs. 

In Bengal, Khagra ^engraved plates and 
dishes), Ranaghat and Nabadwip in Nadia 
dist., produce some artwarc. Brass towers 
prepared in Palong (Faridpur dist.) arc in 
demand for decorating pagodas in Tibet 
and Burma. 

In the south, the wave of Saiidsm in the 
gth century gave ri.se to a great school of 
Indian bronzes. Several images of great 
artistic value, manufactured during this 
period, arc to be seen in many of the routh 
Indian temples, and in the Madras Museum. 
These images were made of panchaloham 
(Ave metals), the ingredients being copper, 
silver, gold, tin and lead. In modern 
practice, many .south Indian images are 
made only of copper. Even now small idols 
of Hindu deities are made, especially at 
Pcrumalapalle and Tiruchanur, near Tiru- 
pali. Bigger idols arc rarely cast (Narayana- 
rao. Preliminary Rejj. .Sur\'.’ Cottage Industr. 
Chittoor Dist., ipag, 2.5^. 

The image is Arst modelled in wax which 
i.s wrapped in a thick coating of soft cby, 
held m position by wires. The wax model 
is then melted away leaving a * hollow ’ into 
which the alloy is poured. After the metal 
has cooled and set, the mud wrapper is 
removed and the figure is then chased and 
chiselled. Formerly images were also made 
at Poona, Nasik. V'izagapatam and in 
Malabar. 

\'ALUE OF EXPORTS OT INDIAN ARTWARE 
BRONZE AND BRASSWARE 



Liiikhs of 


R.S. 

J 7 

I. It 

38 

1.46 

39 

0-79 


THK WEALTH OF INDIA 


BRICKS 

Bricks arc produced in almost all towns 
4U)d villages in India, and organized brick 
fields arc. found in the neighbourhood of 
large cities. Refractory bricks, a special 
class ofbricks, arc included under Refrac- 
tories /^q. V.). 

Bricks arc made of earth or natural clay, 
which should be sufficiently plastic, aiul 
shoidd not shrink, crack or warp during 
drying ami burning. Iron oxide in the 
clay is responsible for the characteristic red 
colour of bricks, and excess of it gives them 
a bluish black colour, 'fhe properties of 
earth for brick making may be modifieil 
by the addition of sand, chalk, etc. Sand 
prevents cracking, shrinking and warping. 
Lime in small quantities is essential for 
fluxing, but is frequently a serious impurity. 
'Poo much of it will change the colour to 
(•ream or white, and the bricks will crumble 
to pieces due to slaking. Magnesia also 
acts as a flux and' changes the colour to 
yellow. (Jrit and reh (alkaline efllore.scenceji 
from soil) should not be present. 'Fhe 
average composition of gt)od biick-earth 
is ; alumina, 25 ; silica, 53; lime, iron oxide, 
magnesia, etc., 20 per cent. 

Three diflerciit types of clays arc iisetl : 
rt) strong or fat clays, \b) loams or sandy 
clays, (r) marls or calcareous clays. Clays 
of the first type arc highly plastic and 
tough, and are used with small additions of 
sand or loam. Ia)am consisting of not more 
than 23 percent, of free sand and a small 
rpiantity of lirnc form good brick-eartlis. 
Marls also make good bricks, and arc 
generally used alone or with small additions 
of sand. 

For preparing bricks, the clay is mixed 
with water, and tempered to a homogen- 
eous plastic, mass by turning it up repeated- 
ly with shovels, and treading it. In large- 
scale production tempering is carried out 
in .pug mills. 'Fhe prepared clay is allowed 
to dry gradually under cover of mats. 


Bricks are made from prepared clay by 
moulding, pressing or extruding. Sand- 
moulding is the usual practice in India. In 
tliis, a wooden or iron mould is used, slightly 
larger in size than the finished brick, and 
which allows for shrinkage in drying and 
burning. The mould is sprinkled with sand 
each time befpre mouldi^^ to obtain cleaner 
and sharper products. A moulder is capable 
of turning out 600- r, 000 bricks per day. 
Bricks arc made by the slop-moulding me- 
thod in which 'the mould is.dipped in water, 
from time to time, to prevent clay from 
adhering to it. The moulded bricks are 
dried by placing them on their edges side 
by side, and subsequently stacking them in 
rows, in the open, for 3-8 days. This makes 
them sufficicnlly hard for handling. 

.A pug mill and an extrusion machine 
arc used in making wire-cut bricks. An 
improved device for making these bricks 
is the Auger machine. The pugged clay 
pas.scs through a pair of expression rollers 
which forces it through a die, and the ex- 
truded clay column is cut transversely into 
bricks by a scries of wires fixed in a frame. 
Wire-cut bricks are smooth, perfect in form, 
dense, and of good quality. These bricks 
require careful drying in order to prevent 
cracking, and are usually burnt in- conti- 
nuous kiln.s. 

The dried bricks are next burnt in 
kilns. During burning, the high tempera- 
ture (873-1015") of the kiln eliminates 
chemically combined water from bricks, 
and causes the oxides present to combine 
into easily fusible gla.sses, which bond the 
material and increase its strength. 

‘Diflcrent types of kilns arc in use, viz-, 
the Indian clamp or pazeavah, oveiground 
kilns, and undergrouml kilns. The Indian 
clamp is generally used in villages or small 
towns for small scale production. It con- 
sists of alternate layers of fuel and 4 or 5 
rows of bricks arranged on a sloping floor 
of trapezoidal shape, the proportion of fuel 
gradually diminishing towards the top. It 
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is ignited at the bottom while \{ is still being 
built up, and when completed, is covcrctl 
■with mud for preventing loss of heat. .After 
burning, the bricks are removed, when the 
kiln cools down. The process is slow re- 
quiring 2-6 months. 'Phe bricks produced 
vary greatly in shape, but due to sIo\v cool- 
ing they are tougher. The yield of 
gootl bricks Ls about (>o per cent. The 
initial cost is the lowest ami any fuel 
may be u.sed, but the firing cannot be 
regulated. 

Diflerent varieties of overground kilns 
arc in use, but the best known variety is 
the Allahabad flame kiln. This is a walled 
enclosure without roof, generally 44' long, 
18' wide, and 12' high (iaside). Bricks 
are stacked in parallel rows with Hues for 
fuel. They are burnt for about 3-.1. days, 
after which all the holes are closed, and 
the kiln allowed to cool for about 8-10 days. 

'I'lie Allahabad kiln i.® more elHcient than 
the Indian clamp, but its initial cost is 
higher. It allows fire regulation, and the 
use of comparatively moist bricks. Wood 
and coal arc tiscd as fuel. Some heat is 
wasted from the top. Clooling is more rapitl 
and the brii-ks produced arc compara- 
tively brittle. The yield is higher and 
the percentage ef superior bricks obtained 
is about 70. 

Underground kiln, such as Bull's trench 
kiln, is an oval trench tlug in the ground, 
and is w'idely used for large continuous 
production. It is cheap and cfliclem, as 
wa.stchcat is utilized to warm and dry the 
bricks prior to burning, and the heating is 
easily regulated. Bricks are ■ tacked in 
sections with flues for fuel. Kach section, 
after loading, is co%-ercd with mud. 
Waste heat from a burning secticjii is utilized 
for the preliminary heating of bricks in the 
next section. Bunting takes about 24 hrs. 
after which the flue holes are closed, and 
the burnt bricks are allowed to cool for 
about 12 days. The yield of .-.uperior bricks 
is as high as 90 per cent., but the bricks 


are liable to be brittle owning to rapid 
cooling. 

'Phis type of kiln ensures a continuous 
supply of bricks. W^hilc fmi.shed bricks are 
being removed from the rear, those in ctuitre 
arc being burnt, and those in front an; being 
drietl. \ kiln, about 200' long, and if,' 
wide, produces -,-() laklis of bricks in 9 
months. Under average comlitiorts in tli<; 
U. P., about ions of’Jharia coal arc used 
for 1 lakh of bricks of 9" lengtli. 'Phc(|uality 
of bricks depends (m tlicir position in tin* 
kiln. ‘ Body ’ or ‘ cherry ’ bricks, obtained 
from the interior, arc the bcsi . 

Burnt bricks arc divithal into tlire:' 
cla.sscs. \ brick of the first class is stnuul, 
thorotigliK’ burtit without being vitrified 
and of uniform good colour, shape and size. 
It is homogeneous in texture, and lias sharp 
edges and paraliid faces. When struck, it 
gives a clear ringing soumi, and when im- 
mersed in water for ifi hrs., it absorbs 
not more than t>iic-six*li its weight ol' 
nailer. .\ brick of the second class is 
also fairly well-burnt, but is somewhat 
uneven in shape and is partly vitrified. 
Under-burnt or «ivcr-burnt bricks form the 
third class. Plic former an* yellowish and 
soft, and the latter irregular in shape, dark 
coloured and brittle. 

Pile usual si/.cs of bricks are ; 6' 

•2}/ 'old Indian brickf), lo" . a'X;?' 

usual Bengal bricksi, 9J" ; 4;,* -if 

Bengal P. W. IX specif), 9)" 4-*" 

3" Madras P. W. I). specif), 9'' j' 

. 2.1" (Northern Indian P. W. IX spta'if . 
Phe widtii ol’ a brick is .about |" less than 
half of its length, so that one brick 
w'hcu laid lengthwise will just cover two 
bricks laid crossnisc, with a lilling of mortar 
between fhciii. 

Hollow bricks arc light about 1 1 per 
cent, lighter than ordinary bricks) and 
alliird better insulation against sound, heat 
and cold. ’Phey nuiy be made in any brick 
factory worked by power, and are manu- 
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faclurcd mi three sizes : 9" . 4i" , 3', 

9" X 5J" and 9" ;• 6J” •: 3*. 

'I'hey arc mainly used to replace reinforced 
eonci'clc in root’ construction. Roof slabs 
liibricatcd on tlie ground are hoisted into 
position, saving the costl> eentering and 
some cement and steel. The weiglits of 
hollow brick roofing. Jack-arch roofing ami 
reinforced concrete roofing are iti the ratif) : 
(id ; i(Ki-i'>", : 70-73. 

Ordinary bricks 19' li' 
cost Rs. 30 ; wire-cut bricks ;9" .| i" 

3"), Rs. 100; and hollow brii'ks, Rs. 120 
|)cr thou.sand (1947). The higli prices of 
the two latter prevent their extensive use, 

Having bricks, bevelled bib'ks. jamb 
bricks, arch bricks, etc. ar«‘ made in special 
sizes and shapes. 

'riiere is a small export of ordiuar\ bricks 
to Ccyloti and Burma. .About (itt.g lakhs 
of bricks worth Rs. • 2.-2 lakhs were ex'ported 
during j.-.} 3. 

BROMINE AND BROMIDES 

Bromine is a dark reddish-brown luining 
liquid ;sp. gr.. 3.19 ; b. p.. 59' >, .slightly 
.soluble in water g.g g. in too g. io' i, but 
more soluble in chloroform. «*ther and 
alcohol. It resembles chlorine in its chemical 
properties, and is a powerful disinfectant, 
laquid bromineVanses severe burns when it 
eemes into contact with the skin, and its 
\apours are highb corrosive and poisonous. 
It attacks organic matter and may some- 
times cause fires. It is stored in glass or 
earthenware bottles. 

In cases of bromine poisoning, milk, 
w bite of egg, (w starch mucilage should be 
administered. 

The largest use of bromine note is for 
the preparation of ethylene bromide for 
anti-knock petrol, to prevent the deposition 
of lead in motor cylinders. Bromine is the 
starting material for the preparation of 


bromides, used in medicine, and photo- 
graphy. It is also used in the preparation 
of some, cbf’es and drugs. When mixed with 
kiesciguhr, it yields a .solid disinfectant. 
Bromine is a constituent of certain poison 
gases and tear gases. 

The chief sources of bromine arc .st'a- 
waler, brines and bitterns, and the. natural 
deposits of pota.ssium .salts. In these, it is 
present in very small rjuantities in the 
combined state. Sea-water contains 66 
paits ))er million Co.oofifi per cent.) of 
bromine, and in ’33, ihe Dow CHjcmical Co. 

; U. S. ,\.j d<‘v< loped a process for its re- 
covery (Indmtr. Kngtig. Chem., 1936, 36 ) 
361). Large cpiantities of bromine are now- 
being produced both from the sea and from 
the .salt lakes. The U. S. A. is now’ Ihe 
world’s largest producer (102 million lb. 
in ’44), and uses the entire output for the 
manufacture of ethylene bromide. 

The other prominent bromine-producing 
countries arc Germany, France, and Pales- 
tine, and the production of each was over i 
million pounds in ’36. In (iermany and 
France, bromine is recovered from mother 
liquors left after the extraction of potas- 
sium s.alts from potash deposits '^Stassfurt 
aiul Alsace). These contain about 0.23 
per cent, of biomine in the form of mag- 
nesium bromide. In Palestine, bromine is 
jircpared from bitterns (Br, 1.4 per cent.") 
left after the separation of common salt and 
potassium chloride from tin* Dead Sea. 
:. Armstrong & Miall, 81 ;. 

In the Dow j)iocess, chlorine is used to 
displace bromine from the bromides in sea- 
water. This bromine is blown out of solu- 
tion by a current of air and absorbed in a 
sclution of soda ash : 

3.\a-(.'.0., !- 'jBr.. 3 NaBr i NaBrO;, j- 

3(:o-. 

'Flic bromidc-bromatc liquor is then treated' 
with .sulphuric acid and the liberated bro- 
mine is separated by steam, and condensed 
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to yield pure liquid bromine. In the case of 
bitteras, they are prc-hcaled and spiayed 
from the lop of a .specially designed granite 
tower, in which they come into Miliinale 
<.ontaet with a countcr-eurrcnl of chlorine. 
Steam is blown from the bottom of th«^ 
tower, and the displaced biomine pass<‘.s 
along with the exit s apours at I In; 
top and is condensed into liquid bromine 
in tantalum lined coils or stoneware coils. 
Uncondensetl vaptmis are ab.sorbcci in a 
•column containing iron filings, forming 
ferroso -ferric bromide, l''e,.,Br.. . 

I'he bromiiK' obtained ccnlains small 
amounts of dissolved and combined chlorine, 
and is rectified in !>|jecial earthenware 
•columns. It is washed with cone, sulphuric 
acid and subsequently with water, to yield 
chemically pure bromine. 

'rite chief difliculty in the luanulac- 
ture of bromine is the highly lorrosive 
nature of the <*lemenl, which necessitates 
the use of inactive materials like stone- 
waic, glass, etc. fin- plant construelion. 
Tantalum comlensers ate sometimes 
employed, but not geiK rally on account 
■of their cost. 

Messis.. Tata Chemicals, in begun 
the production of bromine fnnn com . bit- 
terns (35"Bc'. ' obtained at their -ialt works 
at Okhatnandal, with a ])lant capa- 
■city, 1,100 lb. of bromine per day '•/. 
induslr. Ha., i 94 f>, 5 » During 

the rwjvery of salts from bitterns, imme- 
diately after the sepurution of F.psom salt, 
the residual liquor is processed for the re- 
•covery of biomine .'yield, .j/j lb. of bromine 
from 1,000 gal. of bittern of 35dk'. '. The 
plant is operated only during the dry season, 
4 ind must of the brornim; pioduccd is con- 
verted into potassium bromide, there being 
very' little demand in India for «’lementar\ 
bromine. 


The Pioneer Magnesia Works have rc- 
eently erected a small plant of eapaeitv 
loo lb. per day to recover bromine 
from Kbaragoda bitlern.s, wliieli contains 
per rent, of bromine (Kane ami 
.\lata Prasad, ./. sci, indu^tv, i, 

toe ; ivV/r also 'I horpe, II loh'. ' * 

BROMlUIvS 

The bromides arc salts of liydiobiomic 
acid, which is ftirmed wlien liydrogeii and 
biomine vapoui-s are passed over lii;a(ed 
platinum or by tlie action of bronnrie on 
moist red pho.sphoin.v. : 

P Br. 3 H.T) 11 , P(); jHB. . 

Tile bromides of potas.sinm and sodium are 
used in medicine a.^ sedatives, and in jilioto- 
graphy. rhey oe< nr eh her as colourless 
i-rystals or crystal lim; powders, readily solubh* 
in water, 'flic solutions have a strong s-.dinc 
taste. Sodium bromide r< atlily absorbs 
moisture from llic air, while potassium 
bromide is only .slightly liygroseojiic. 

fhese bromides aic prepared by Healing 
an aqueous lolutioii of iron bromide witli 
the requisite tjuantity of alkali carbonate. 
After filteiing off the precipitated iron car- 
bonate, the salts are leciwered from .sohiliem 
and purified by reery.stalli/ation. Potasduin 
bromide is also prepared by adding a slight 
exe«n>s of biomine to a hot eonc. solution of 
hydroxide, when a iiiixtiire of bromide and 
bromote is formed. Tire solution is eva- 
porated to dryttess, and ihc residue is mixed 
with charcca! and heated to redness, to 
reduce the bromate to bromide. O.i cool- 
ing. the salt is extracted with i\alei and 
rcct ystalliml. 

Poia.s"ium bromide of B.P. quality ',KBr, 
yq per (.e n.) is being produced by Alessrs. 
fata Chemicals, and the anmtal eonsump- 
lioit cf bromides in India is e.stirnated at 
t sjo tons. 
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IMPORIS OF BROMINE AND I'l’S COM- 
' POUNDS INTO INDIA 
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BRUSHES AND BROOMS 

Brushe.s Avert* lx;ing nianufaciured in 
India on a small scale before the last War. 
The industry is localized in Cawnpore, 
Bureill) and Agra in the U. P., the chief' 
supply c'cntres for bristles. The largest 
factory is that of Me.ssr.s. Brjishwarc Ltd., 
Cawnixn'e, which turns out the major por- 
tion of brushes niamifactured in India. 


Filling matcriiiN 


Brush-making concerns are also established 
in Bombay, Calcutta, Delhi, etc. Bombay 
factories produce mainly textile blushes. 
Messrs. Aspinwall & Co. have a factory at 
Colachal ’•(Travancorc) producing fibre 
brushes. Bru.sh-making is also a cottage 
industry, but the products are in- 
ferior to factory-made brushes and fetch a 
lower price. I..arge (juantities of home-made 
brushes wore supplied to the army during 
the W'ar. 

\ typical brush consists of a wooden 
‘ stock ’ or ‘ board ’ to which the filling 
material is fixed, with a ‘ back ’ covering its 
upper side. U.sually a handle is also pro- 
vided. The chief raw materials used in 
brush manufacture arc filling materials 
(riiie infra) and wood to hold them. 

The {)riiicipal filling matrrials arc bristles^ 
vegctJiblc fibres and wire. 'I’he choice 
depends upon the purpose lor which thf‘ 
brush is intended. Indian bristles are ex- 
tensively used in brush-making, and large 
quantities are exported to the London 
market. Among vegetable fibres bassine, 
coir and kiltool are used for making 
brushes and brooms, generally as sub- 
stitute for Mexican fibre, bass and wdiisk. 
Steel wire for brush-making is imported. 

ulars J’yprs of brushes 


Brixtles— 

Dressed .... l\T.s(irial l)rushes (for clothes, 

hair, shaving, etc.), paint and 
varnish brushes, sash tools, tar 
brushes, and certain indus- 
trial brushes. 

‘ Slioris ' . . .... Clheaper brushes. 


‘Riflings’ 


Button brushes. 


‘ Darjeeling ' bristlr* 


Sash tools. 


‘China' Sm<ill quantitie.s inijR»rted from China. Flat varnish, and .shaving brushes; 

Syntheti* brisilrs Imported. Nail and tool brushes, and some 

types of industrial brushes. 
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r.iil h;i;i- (ir;i sprcics of Riissi;ins(piii ri l. 
\'<‘!\ sol’t and (oin^h. Also ihi' lim- 
wn.illy li.i’r fn*!!! Hu* nr< k and Bark 
«»!’ ijir rainrl. Kasliitiir sipiBrrl 
Ji.iir used as suBslitiitr dininu[ tin* 
War. 

Rcdd^h \<*IIo\\ h.iir i’nmi lln* tad r»l :i 
SiluMian wrasrl-likc aniinai. It is 
soli and Jii^hly diirahh*. 

I iun*.;, tonsil ami coarsr. It is ni»i nnn h 
Used Ml Ind’a. 


I'nmi llir Ic.il stalk (irpalinvra p.diii 
/ini /is Mis ilahrUifi'r • . 

From tlif husks ul' rnronuts >( 
Hunjfui . (’oaisf and strum*. 


IVuMi ihr liasi* urUir Iral stalks uf ilir. 
Indian Sa»j;u palm '( mynta unfi\ . 
Smuuth liistrtms strands. sIiunl; and 
riast :r. 

I’linn hthr uitlu run. .in<l citla i 

Nr<‘\i< an ai»a\TS. Alsu IVuin Dicai nu\- 
'rrcl. Wrars wrU in w.Mcr. I si-d 
as snlrsliliitr I’ur hristhv. .\l!\fd 
with Ikihia iiass (»r hassinc' lu Inrm 
* I liiuii lihrc ' wir’rh has 'j:u^d still' 
lu-s... 

From (■<’i'laMi jialnis f»l .Sunth Amrra .i 
and AlVira, Baliia hassnrihazil fi'uin 
Alldirii fumhfi Marl. Sironv, and, n - 
silinil lihiT. 

Mi-\i( an whisk l’/fiiain/h'\ wnnnuHi 

Bcnlli. .\lsii hum a !«*w uthrr (ir;i- 
inina<‘. 

Dm Mil’ llir W ai' .\l. S. wire* il. it, 

S. . (i., or lu S. \V. (i. round iisi-rl 
as sulisliliilf*. 

Round and t rimjird in*. 


.Mivic Old Ir.iilu i In ii^Ih s U'!' dll- 
ai iiiN . B.ini ar:^ .nal Imimiiiis, 
«‘{» . 

Lanpiri hinsiir.. hiiisia^ lu? 

mcf.d .:n<l !<Mlln*r n .id? s. 

\\ .! !<‘i -rr If Mir I'l 


Ai I'vis' h) nsln ". 

SL.isir.M and saiirsh Innsho. 


( M.n SI- i>i msIk s and 1 n uf im*^, I n< d 

a'' snhstiiiit?' (••r B.ihi.i bass. 

Bruimis .iiid toai>r brushrs. 
Dnrin*.; lln* \\ .ir nsi il in placi- 
uf M<*s!i an libiT lui m.ikimj 
viini)l>in!> and whllr washinij 
brushes, and in pkn e ui hi isile 
lur .sweepiii'-',. I.ir and haines*. 
1)1 iislu s. 

Soil biutmis anti hi iislies. I 'si d 
as subsl il nt'* !ni Bahi.i liass. 

Wet brushes w h;te-w .ish. n.id. 
b.idi and do^ biiishe^ .iial 
bI■l3(^In^. ’ I n:un libic ’ lur 

M l III >bin ‘4 I )i ii.sIh's. 


(jenei.div Ifir h.iid brndies. 
br«'<nns .ind ban'snis, di.mi 
ainl ? ask i le.mM*'.:: bi ir lies. 

|).ind\ brushes, b.inlsieis. in- 
diiMiial brushes and eeilain 
bmums. 

Mel .d 1 le.M'i 1 1'.'; blushes lull nd ? y, 

» \ milensiM' .mil ! «i idei mix 
« Ij-.ni’n". St lap’iiv painl. eH .). 
din iilai wlu-el and plan- • !ean-> 
in:* I .’rushes, 

.St 1 iibbin:; brinhes. 
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'llir wood us<*tl ill hrusli-niaking should 
he f)f mrcHuni liardiiess, ilose-trxturcd, free 
from knots, and not liable to sjdit. or crack. 
For toilet blushes, woods of* attractive grain 
and cclonr an* ]jn::leTr(!d. Milrafijna parvi- 
folia \kait)i). Dathcr^ia lati folia (rosewood), 
(ihloroxylon Mciitenia isatinwood), and Dios- 
pyro.s rinwnn .ebony; are good for toilet 
brushes. Milliif^/oaia horleitsi.s (niin-chawbeli)^ 

! I^mnmdu'iyon ixithuin ikuihan) and Cedrus 
dradain 'deodar) are used for ordinary house- 
hold brushes and brooms ; and Ma/f^ijiin 
iW/o/ ( inango) for road-sweeping and drain- 
cleaning brushes. Lmtava i^raodis ( /7//.v^w/)has 
bcdi used liirai rny brushes, but is exjK nsive 
in conversion 'I'rolter, ipio, 174 ; 1914, 
icjp;. Aluininiuni, .silver, ivoiy, celluloid 
and plastic’s an* also used as substitutes lor 
wo(.d in making toilet brusho:. 

Other raw inatirials recjuired an* 
metallic Icrrules, rubber .solution and brush- 
making pitch for ceuK'nting, w ire fo ' tying 
the tufts in wire-drawing, nails, screws, 
pins, and glue for .securing the backs of' the 
brushes, llax twine* for bridling, and varni.sh 
and polish. 

Most Indian bruslie.s are hand-made, 
and are eillier ' pan-set ’ or ‘ wire-drawn \ 
The working cpialities of a brush depend 
upon tlie pattern of hoh*s employed. This 
may be. ‘open\ ‘medium', or ‘ close,’ IJrist- 
les for pc*rsonaI bruslu's are invariably 
sleiili/ed. 

There* .ire ihrce kinds of ' pan-set ’ 
brushes. In .some, holes arc first drilled into 
die stock to tlu rcciuired depth and pattern. 
The filling material is divided into knots, 
and gliH’d to the holes by means of pitch. 
The brush is then trimmed, the stock sancl- 
lapered and varnished. 'The most common 
jrushe.s of this tyi)e are bass brooms, hair 
brooms and banister brushes. In another 
type, the brush consists of a metal ferrule! 
with the handle at one end, and the filling 
material at the other. The base of the 
filling material is tied together, dippen:! in 
jjitch, spread evenly round the peg at one 
end of the handle, and tied. The ferrule is 


then placed in po.sition and clinelied. No 
ferrules are nece.ssary in bru.shes in which 
the base of the filling material is tied with 
copper wire. For ‘pan-set' brushes, with- 
out pegs in the handles, the filling material 
after being dij)pfd into ])iteh is arranged in 
the ferrule and reinforced by means of pins 
before it dries hard. Alternatively, tin; 
filling iTialeiial may be in.serted into the 
ferrule first, and the setting composition 
poured in at the opposite end of the ferrule, 
and reinforced by pins before it sets. 'I'hc 
handle is then inserted into tlie ferrule, and 
secured by in(*ans of ]>ins. 

In wire-drawn bruslies Jj.'iir brushes, 
cloth brushes, shoe brushes, si rubbing brush- 
es, ete.), the l)aek i*onsists of two parts, the 
‘ stork ' or ‘ board,’ eoiitaiuing hol(‘s for the 
tufts, and the ‘back’ which is glued to the 
outsidi! of the stork. Several holes arc beared 
through the stock in leceive the (ufis. 'These 
liohs are of smaller bore after a certain 
depth. 'The knot is doubled through a wire 
loop coming from the .sinall(*r end of each 
hole*. It is pulled through lh(! larger end 
and fix(*d firmly by tightening the loop. 
After filling all the holes and trimming the 
tufts, the back is glued and pinned, mul the 
bru.sh is finished. 

Slogging machines are mainly ii.sed lor 
making personal brushes. TJiey drill holes 
of the rerpiired depth and pattern into the 
sedid back, push in the knots, and secure 
them by staples, but there are very few in 
India. In twisted wire handle brushes, 
wire of pioper gauge is doubled and held 
between two vices, one of which is free to 
revolve. The filling is insi*rted evenly bet- 
ween the wires aiul the free end is rotated 
until the filling is fixed in the twists of the 
wdre, and then trimmed. 

Brushes of various kinds arc inaniifac- 
tured in India. The chief of these are : {a) 
personal brushes, such as shaving, cloth and 
nail brushes ; (b) paint and varnish brushes, 
.sash tools, stencil brushes, tai brushes, and 
brushes for cleaning metals ; (e) commercial 
brushes ; banisters and brooms, drain clcan- 
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iiig, aml.srnihbjii^ bnislics, l)riisli( s lor whilc- 
\vash, boltir cleaning and ( ask washing ; 
id) miscellaiicons brnslavs, liorsc bnislK's, 
bnislics lor saddlciA, leather, rii\ Olhir 
varicticsj siicli as tooth bruslies, l;iilct Inrush- 
es, hujner brushes, and wriliiig brushes are 
imported. During the War the inanulat - 
ture ()I sjneeial lyp»‘s’, such as uiili/jg bru'jho, 
and brush(\s for welding and almuininrii 
soldering sets, was dex’eloped in India. 

'i’lie army is the largest i<.u:,muer o*' 
brushes in India. Ntwt in iinpciilauee ;iu tl.e 
lailways and certaiu industries, e.g., textile 
and h'allier ijuhistries. Tiieri' \\as ve? \ great, 
expansion in brusli niaiiuracture during the 
War, and large orders were jdaeed l)\ tin* 
(loveinrnent forsliax ing brushes, boot i)riislie.>» 
and hair brushes. Mcsms. Ilrushware Jad., 
who manuraelured i.;K^^lakh of In ushc's in 
';J7, produced lakhs iii ' ji?, ol* which 

50 lakhs w(‘r(‘ lijr ilx^ arin\'. In India, 
the consumption ol raw leiaterials in brush- 
making in is <*stiiiiate(l to ha\-e brcii : 


bristles, ib]. tons; hair, ;j.f, Ions; lil)re, 
ii.'jf, tons ; wire, iti.f, terns ; and uo:»d, 
■Jb.Jii e-.lL or these, tons ol' wire* 

and I j tons e)l ( hiiia bristle s \\ e're* im[)orl- 
cil 'riujinas, Re*p. Deve'hip. Indnstr. 
Wai Suppli(*s, }pi|, 77 . M'lrr the War, 
prndiK tioii law shrunk e e)n :ide-ral)!\ . 

In the- ouuKjueimium ending 
paint and \aniisli !)rnslus weTe- imported 
|)riiui|)ally Irenn (ieiinanv pi j)i*r eeMit. 
ami I . K. . per ; toile t brnsiies 

Ironi jc!j)au ( jb pe r e e ut. , I ■. K. Ijcr 
eciit. and Cie*i-m:my '•;{ pe*r eenl.); and 
euhci bnislics Ironi japan dlo per e ciit.’i, 
I . K. Lie» pe r ( i nl.), ami Oeim.mv ( i ”, 
pen eea.l. . Impents ed’ bidoms iiiti> Inelia 
are \*eiy : mall. I'Ik* traele in !)re;oms was 
almost e‘utire*ly eetwe’en Ihnrni and the* 
Straits Sei:tle*ments. While many \arieti(s 
(il imliisiiial brn‘‘he‘S’, and i)ai!it and varnish 
brnslie's are now manulie tnn'd in liuha, 
large (|uani;iie's (.I'l alet brush..**;, and brushes 
loi vj)( eial [/urpt'se's < e)iit im;e* to be imported. 
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BUTTON INDUSTRY 

JJultoiis aic I’cncially inadr lioni htnii'-, 
liiiiu's, in<»(lii*r-nl-|>( j.rl, incial nr limn syn- 
lliclic m.iU'iials lik.- (\‘!hiloi(!, rasriii phis- 
lirs, rh . In India, nn si iinn * al.l( jn|)l. m 
start a button indiiNirv o.as inadr till into, 
wlun the inov 4*in<nt li'd to the 

stailini; cd’ the inanulai tnrc '.l‘ mnlhcr-f i- 
[x arl and liorn l)nlt<>nsin IJrMoa.I. In rcicnt 
years, nn'tal bnltnns bra"', iron, ahimini- 
nin. etc . are tnannlaelurt'd on an r^lcnsive 
sc ale in sc xca al ])rn\ inc e^. 

Moriii.R-( )r-n:Ai<L wi r ions 

MotltcM-or-pearl bniKms aie naninlac - 
lured mainly in Dac c a and Tip|)c ia distrieis 
in Bengal. Tbis cottiii^e India tiy t;i\e< 
emi^loyinenl to nc'arly prisons. IVTr^al 

prcxliiec's animally about lakln; worth 

ol' llu>c‘ bnttoie Re|). Bntlon Indnsfi. 

Bentral, Dr/). Influs/r., /*;///. No. n*], 

:r- 

]n>r thc’sc* l)nttc:ns, nins>c’l slic'lls are c'cd- 
IcHtcxl from ris'cr l)anks and ri\ei bcxis in 
c‘astc‘rn and nortliern Bcaii^al. Tliey are 
ent into ])ic*ec‘s i-i.r' scptare, the* ed.i>c‘S 
trimnied and liiialK roiindcxl olVon a ^rind- 
st.one. llc.lc-s arc* tlic'ii drilled, and llu' 
smootlicMiini*- and polishing- are ,i»c*nc*i ally 
lel’t to womc-n and c hildicai. Only simpie 
ini])leinents like- c ut ini* ])lieis. hand dri'l, 
ordinary liles and hand driven jl* rind -stone* 
arc' used. This crude* tcclinicpic* leads to 
lack c)l' nnilcMinity both in size* and linish. 
Indian rresh-water shc'lls are not nsnalls 
pcilec'tK white* like sc*a-shell.s used by the 
Japanese*. Ili-ncc* Indian inoihc*i-or-pc'ai I 
buttons suller in comparison with those 
imporlc cl from Japan. 

IIORNBl I IONS 

In BeiijLi^ah the* mannrac tnrc* t.l hoiii 
buitons w’hieh bei^an dnr ing the first World 
War, is concent ratc'd in the* (!it\ ol Dacca 
and ,t;i\c\s einj)lc»ymenl to abemt 700 |x*o|)le 


Draft Rc'p. Surv. Horn. Indnstr. Bc-noal, 

Bnflalo horns obtained mainly from 
Madras and Assam art* nsc*d as raw materials. 
Ofdy simple tools like* a. saw, a file*, a knife* 
and a lathe arc* nsc*d. 'The solid poitionof 
the hoi n is chist*llc*d off to c^ixe it a eylinclrieal 
>hapeancl is attached to an imjirov isc*d lathe. 
But tons ai c* c ut out by a ehisc^l, whic h 
aisc; o*ivt*s them a polish, and h(>Ic*s are 
clrillc*d b\ a bow-drill. In spite! of the ei nde 
lcrhnic|nc* c-mployed, the buttons turned 
out arc* fairly imiloiin and display a .i*’otKl 
polish. 

riic* pi iec* of horn x aricr eonsiderabU 
clc*p<*ndin.L»; upon eolonr and cpialitv'. riie 
button indnslry in Bengal c c>nsnmt*s animally 
about i,|oo mcl. of bnfralo horn worth 

t*stimatc*tl tliat 
Rs. «)0,ooo woith of horn buttons arc* pro- 
cliicc‘d annually. Dacca, horn lintlons aic* 
c*\i)orlc*d to other Indian |)ro\'inc(*s and 
c*\c*n to Burma and I'.ast Africa. 

Horn bnttc.ars ate maiuifaetiired on a 
small scale in Ratnagiii disl. in Bombay, 
the bnlfalo Jiorns being* obtainc*d ' Irom 
Karwar, Mangalore, and Bombav . 

Buttons aic* mamilacliirc*d in a similar 
mannei* from boiu*s. Sncli buttons can 
compete with che ap imported buttons made* 
fioni sNiithetic! materials. During tlic* War, 
the .Army alsc. usc'd horn or bone biCtons 
and had to accept nut and ec)c.:onut shell 
buttons a*-* .substitutc*s. Two firtns in the 
Punjab, Messrs. Janda Manufac tin ing (o., 
Lahore, and International A[anulactining 
Co., Lahore, produced about 150,000 gross 
of buttons at the* low price of Rc\ i pcT gross. 
'The .shc'lls of Indian coconuts cannot be* 
usc*d for butte ns ol' biggc*r sizes, and P.ast 
.African nuts were importc*d for the* produc- 
tion ol' sizes above V' in diam. ? Thomas, 
Rc*p. Dc*\elop. Industr. War Supplic?.s, 
ic)4 I, l\nj. 
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ME l AI. BU r rONS 

Many types of mrtal buttons arc inaiK' 
ill India, c.g., tin and alnminium buttons 
for sliirts, galvanized iron buttons for shirts 
and pants, brass buttons for coats and sliirts, 
spring buttons, shirt studs and litiks, motor- 
hood buttons, buttons for purses and IcatluM 
bags. The industry, established in Hydera- 
bad State about 30 years ago, is concen- 
trated in the city of Hyderabad. Here the 
factories specialize in the manufactine of 
ornamental buttons ruff links, slnnrunl 
sets, shirt sets, etc.). 

Brass sheets an* ulilizi'd in the luaiuifac- 
ture of cheaper tyius of buttons and (h-rnian 
silver for the sui)erinr types. rh(*y are passed 
through a cutting machine, ( ut to propi*!' 
sizes and the design im|)rinted. riie cavities 
of the designs arc then lilJed by laccpier 
colours of different shades, 'riiey are finally 
polished and mounted on cardb(jard 
pieces for tin* market, Idu* erinoid (a 
casein plastic! is ns(*d in the fixing of brass 
rings. One fictory is e(|nip|)cd with plant 
retpiircd for (’iiamelling : Diret toi, (lomm. 
Indnstr. I)(*p., Hyderabad, l)(*ccaii, if)|| . 

Nearly ;5,*»oo men aic eniploxi'd iji this 
industry in H\d<*ral)ad, and ihr xaha* 
of tlu* amaial |)rodn< tiou (»f button 
amounts to ajiproximateK Rs. “i,oti,(KM». 
The fnlloxving l.dde '?;ives the onlpiu in 
numbers 1,1937; of tx\o fac tories working in 
Hyderabad (Adm. Rep. Cunmn. & Industi. 
Pep. Nizam’s Dorn., 1937). 


TNUUS I RS' 

good dem md lor them in Bninni, (levlon, 
.Afru a, I'ic. 

/Mnmininm linttons aic manulai tured in 
Agra, and Ratnagiri. Kor th(*se aJnmininm 
sheets and eastings .ik* ohtain(*d from 
Bombay. 

In P.*lhi, buttons aie also made irom tin, 
galvanized iron sheets and brass sheets. 
For ordinary buttons, sheets of j and 
-if) gauges are used and lor buttons ol’heavx 
(|nality, no gang<* sheet. During the War, 
a number ol‘ concerns w en* started in Dellii 
and the Puiijal) for making tin and (i. I. 
buttons w hi( li in\ ol\i*s (»nl\ (Ik* cutting of 
thin sheets, pili hing, hole making and polish- 
irig. A unit 3 mi'll ilaiK prodiues p great 
gross, siiigli* layi-rCJ. 1. buttmis. There was «i 
large piodnelioii offT I. billions for tin* use 
of military p(*rsonn(‘l, sinec ihe Snppiv Dep. 
was reipiiring aboiii n-3 lakh gross (i. 1. 
billions e\<*ry monlli. Double laser tin 
shirt bnitons ,\\r iiiadi* Irom slii*rty ol nB and 
30 gauges. ’I‘h(‘ maimrai lure involses 7 
siages and a nnil ol y workers eaii prodnei* 
13 great gross biiMoiis d.iilw 

(Jwing lo the high pri< 1* of press bnitons 
duiing the W'.ir ili; ir iiiannraelure was 
s ailed in '13, ,md I>\ the beginning ol 
' 13^ then* w.ue eUahlislimeiUs working 
.0 lull presume in Delhi alone. ()»viiig to 
the \(i\ lii\» (puility of these bnitons, 
alniosi e\ery laelf>i\ eic^sed dciwii 1)\ tin* 
middle orjmii*, ' 13. 
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Hyderabad buttons are sold all over Dilfcreiil ly|)i‘s of dress bnitons of bi ass, 

India. Before the War started, there was alnmiiiium or (ieiiriaii silver, are also made 
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in some of the factories. Cloth buttons are 
produced on a small scale in Bombay and 
the U. P. Fancy buttons of conch shells are 
manufactured in limited quantities in 
Bengal and Travancore. Ivory buttons 
arc also manufactured to meet the 
requirements of occasional customers. Small 
.scale production of celluloid buttons has 
been undertaken in Bengal. 

Metal buttons were mostly imported 
from Germany and Czechoslovakia (42 and 
37 per cent., respectively) during the 
quinquennium ending ’38-39. Japan mo- 
nopolized the Indian market for other sorts 
of buttons (67.4 per cent, during the same 
period). 


AVERAGE ANNUAL IMPORTS OP BUTTONS 
INTO INDIA* 

(Val. in lakhs of Rs.j 
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